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PREFACE

Since inception of the first ISMC in 2006, this series of symposia are organized biennially by Chemistry 
Division, BARC and Society for Materials Chemistry. The earlier symposia, erstwhile “International 
Symposium on Materials Chemistry (ISMC)” of this series were organized in December of 2006, 2008, 
2010 and 2012. The legacy and rich traditions of this biennial scientific event are reflected in the DAE-
BRNS 5th Interdisciplinary Symposium on Materials Chemistry (ISMC-2014) being organized during 9-13 
December, 2014. An overwhelming response from materials chemistry community from India and abroad 
is a manifestation of ever growing interest in materials chemistry research. The ISMC provides a common 
platform to scientists working on different aspects of materials chemistry to share their innovative ideas 
in materials chemistry and evolve new collaborative programs. The primary objective of ISMC has been 
to cover contemporary and emerging research areas in Materials Chemistry with an obvious bias towards 
materials for energy, environment and health. The 5th ISMC-2104 intends to focus on research areas in 
materials chemistry which include: nuclear materials; high purity materials; nanomaterials and clusters; 
carbon based materials; fuel cell materials and other electro-ceramics; biomaterials; polymers and soft 
condensed matter; materials for energy conversion; thin films and surface chemistry; magnetic materials; 
catalysis; chemical sensors; organic and organometallic compounds; computational material chemistry.

The ISMC series of symposium are regarded as highly successful by international peers and reviewers. 
The deliberation of the five days ISMC-2014 will comprise of about 35 invited lectures, 8 short lectures 
and about 400 posters by researchers from India and abroad. The Royal Society of Chemistry, UK has 
been consented to publish invited lectures after peer review process in web version of Journal of Materials 
Chemistry- A/B/ C.

Chemistry Division is one of the oldest Divisions which came into being at the early stages of the 
Indian Atomic Energy programme. Since its inception, the Division has served to nucleate research and 
development activities relevant to the programmes of atomic energy. As several of these programmes 
blossomed with time, the Division underwent re-organizational changes from time to time. Chemistry 
Division has six sections, viz., Synthesis & Pure Materials Section (SPMS), Fuel Cell Materials & Catalysis 
Section (FCMCS), Solid State Chemistry Section (SSCS), Structural Chemistry Section (SCS), Thermal & 
Interfacial Section (TICS) and Materials Chemistry Section (MCS).  The research output of the Division is 
manifested in terms of developing know-how for various products and solutions to chemical problems 
relevant to our programmes. Divisional current research activities encompasses  broad areas like: hydrogen 
energy: generation, storage and mitigation; catalysis; high purity materials; fuel cell materials; chemistry of 
nano-materials and composites; cluster chemistry; organometallic chemistry; nuclear materials; functional 
materials.

With active involvement and interest of scientists working in materials chemistry, the Society of 
Materials Chemistry (SMC) was formed in 2007 with Chemistry Division, BARC as its head quarter. The 
Society has grown since its inception both in stature and popularity as is evident from considerable increase 
of life membership from 114 in April 2009 to around 800 now. Besides ISMCs, Society also organizes 
national workshops every odd year and special lectures on emerging subject areas by eminent scientists. 
Society publishes 3 thematic issues of SMC Bulletins per year.

For a scientific event of this nature the organizing committee received help, cooperation, support, 
guidance and encouragement from different quarters and we are indebted to all of them. Organizing 
Committee is grateful to Board of Research in Nuclear Sciences (BRNS) for financial assistance. The 
organizing committee sincerely expresses their thanks to BARC authorities for giving consent to organize 
the 5th ISMC 2014, Patrons for their encouragement, National advisory committee for their invaluable 
suggestions, Session chairpersons, invited speakers, reviewers for assessment of abstracts and to the 
members of the Symposium organizing committees for their untiring efforts. We thank all the faculty 
members, research scholars and students for participation in ISMC-2014.Sustained support and cooperation 
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extended by scientific, technical and other staff members of Chemistry Division in organizing the ISMC-
2104 is gratefully acknowledged. 

The organizing committee wishes all the participants a pleasant and comfortable stay in Mumbai and 
scientifically rewarding experience.

Symposium Organising Committee
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Editorial

This symposium, the fifth in series of DAE-BRNS Symposia on Materials Chemistry, has 
covered almost all the contemporary research areas of materials chemistry like materials for energy 
conversion, biomaterials, carbon based materials, chemical sensors, fuel cell materialsand other 
electro-ceramics, polymers and soft condensed matters, thin films and surface chemistry, organic 
and organometallics, high purity materials, nanomaterials and clusters to acquaint ourselves with 
the advancement made in these emerging areas. Topics like nuclear materials, magnetic materials, 
catalysis and computational materials chemistry continue to be important facet of ISMC series of 
symposia. Several eminent material scientists from India and abroad have accepted our invitations 
to share their proficiency with the participants of ISMC-2014.

The over whelming response towards contributory abstracts from the universities and 
research institutions from India has been really heartening though it has made the reviewing 
process a bit more strenuous. We place on record our sincere thanks to all the reviewers drawn 
from the scientific community in BARC for their dedicated efforts in evaluating the large number 
of abstracts in timely manner. The peer reviewed abstracts have been suitably organized under 
fourteen categories reflecting the depth and scope of respective research areas. During compilation 
of the proceedings, the editorial team took the liberty to edit some of the abstracts mainly to keep 
uniformity in the formatting. While doing so, utmost care was taken to retain all the scientific 
content intact as provided by the authors.

We are grateful to all the Patrons and the members of the National Advisory Committee of 
ISMC-2014 for their valuable guidance and suggestions.The guidance, support and encouragement 
received from Dr. B.N. Jagatap, Director, Chemistry Group and Chairman, Symposium Organizing 
Committee, ISMC-2014 and other members of the Symposium Organizing Committee during 
the entire process of publication of this volume have been really gratifying and are sincerely 
acknowledged. It is our pleasure to thank the staff members of Chemistry Division and Chemistry 
Group for their unstinted support.

The Board of Research in Nuclear Sciences (BRNS) has been instrumental in the publication 
of this volume by their financial support and we gratefully acknowledge the same.

	 Editors
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Dr. Shailesh N a yak 
Secretary 
Ministry of Earth Sciences 
Govt. of India 

~~ 

MoES 
Government of India 

Marine bioinvasion caused by the ballast water discharges with exotic organisms 
affecting the endemic biodiversity is alarming due to the increasing volume of seaborne 
trade across the geographical areas. The International Maritime Organization has adopted 
the new guidelines in the Ballast Water Management Convention (2004) for the control 
and management of ships and requested its Member States to minimize the transfer of 
invasive aquatic species. An estimated 68,000 merchant vessels need to meet the 
mandatory requirement of Ballast Water Treatment by 2020 which includes 1,029 ships 
registered in India. 

The Earth System Sciences Organization-National Institute of Ocean Technology (ESSO­
NIOT), Chennai, under the Ministry of Earth Sciences, is taking pioneering attempts for 
the effective mitigation of marine bio-fouling through research as well as ballast water 
management in the country. The ESSO-NIOT is in the process of developing a shore based 
test facility for the ballast water treatment technology to test and validate Ballast Water 
Treatment Systems (BWTS), after successful lab based testing facility, as requested by the 
Ministry ofShipping, Govt. oflndia. 

As part of the global initiatives, to mitigate the problems associated with bio-fouling and 
invasive species, there is a need for a comprehensive holistic plan to preserve the endemic 
marine floral and faunal diversity of the country by adopting the recent technological 
innovations. With this objective, the ESSO-NIOT is organizing an International 
Conference on "Advanced Technologies for Management of Ballast water and 
Biofouling'' (MABB 2014) with the motto of Combat Bioinvasion! Conserve 
Biodiversity!. 

I am confident that the delegates at the conference would share their expertise and take 
stock of the technological advancements in the fields of biofouling and bioinvasion to 
adopt a novel strategic action plan to protect the world oceans for the mankind. 

I extend my warm greetings and compliments to the participants and my fellow colleagues 
ofthe ESSO-NIOT, partner institutions and wish the conference all success. 

(Shailesh N a yak) 
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SECRETARY 
GOV RNMENT OF INDIA 

MINISTRY OF SCIENCE & TECHNOLOGY 
DEPARTMENT OF BIOTECHNOLOGY 

Block-2, 7th Floor C.G.O. Complex 
Lodi Road, New Delhi-110003 

·v rsincc the introduction or steel hulled cssels a century ago water has been used a the 
proven ballast to stabilize th m. While balla t is considered essential for safe hipping 
operations, in asivc aquatic ·pccies that comes along " ith ballast " ater arc consider d as a 
major threat to the healthy oceans. Prevcnti c mea ·ure towards the entry of alien and: harmful 
species into the ecosystem arc m I important to protect the endemic marine biodiversity of' an 
geographical zone, 

India being the member state or the International Maritime Organization' Ballast Water 
Management onvention, i much inquisitiv in implementing the guideline f r the control and 
management of ship ' ballast water to minimize the transfer of harmful aquatic organisms and 
1 athogens. Every institution in the lield of biofouling research is in the process of discovering 
environment Ji·iendl anti fouling compounds from natural source to o ercomc the recent ban 
imposed on organotin-bascd marinccoatings and to meet the urgent need for green ant i-fouling 
products in the mari time countries such as India. 

At thi juncture, l am delighted to hear that the ational Institute of ce1m Technology along 
with the Bhaba Atomic Research Centre is organizing an International conference on "Adv:mccd 
Technologies for Management of Ballast Water fill(/ Biofou/ing" supported by the Ministry of 
Earth Sciences and the International Biodetcrioration and 13iodegradation ciety. UK. 

I am conf1dent that the cheduled delegations during the 3 day of the c nference would help the 
ation to build its plan for the future ballast ' ater management initiatives and I wish the 

conference a grand succes . 

Tele: 24362950/24362881 Fax: 011-24360747 E-mail : vijay.dbt@nic.in 
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SECRETARY 
MINISTRY OF SHIPPING 
GOVERNMENT OF INDIA 

Transport Bhawan, 1, Parliament Street 
New Delhl-110001 

I am very happy to know that Earth System Sciences Organisation -
National Institute of Ocean Technology (ESSO-NIOT) is conducting an 
International Conference on Advanced Technologies for Management of Ballast 
Water and Biofouling ~MABB 2014).The theme of the conference is of topical 
interest si,nce management of ballast water in ships is a cause of major concern 
for the maritime nations of the world. India, with its numerous ports and 
flourishing· maritime activities, is at high risk of bioinvasion via ballast water and, 
therefore, development of a management strategy is the need of the hour. The 
international Maritime Organisation (IMO) has already initiated preventive 
measures for management and prevention c•f ballast water related bioinvasion. 
Likewise, biofouling is a common operational problem faced by ships, cooling 
water system of power plants, moored ocecmographic instruments and similar 
such structures in aquatic environment. Addressing this issue with advanced 
methods and technologies for marine applications which are eco-friendly in 
nature is very much required. The conference would be an unprecedented event 
for interaction with the scientists and experts across the world to know the latest 
research innovations in the field of Ballast VVater Management and Biofouling. 
The sessions and plenary planned for th1e conference are well-timed and 
meticulous. 

I am sure that MABB 2014 will certainly add to the country's vjsion of 
building an effective and competent source of ballast water management and 
biofouling control for the current and future industrial requirements. I extend my 
best wishes and greetings to ESSO-NIOT for organising such an industry­
oriented and inspiring fest that exudes magnificence. When Technology merges 
with Science, wonderful Solutions are porn. To my knowledge, ESSO-National 
Institute of Ocean Technology(ESSO-NIOT) is a world-class institute for 
development of ocean-technology in India anrd the Ministry of Shipping is proud 
of ESSO-NIOT for taking up this huge responsibility. I wish for its grand 
success. 

qi~-
(Or. Vishwapati Trivedi) 



FOREWORD 

Ballast water and Biofouling are two important aspects concerning the maritime 

nations. In the marine realm, most of the bioinvasions have been attributed to 

ballast water used to stabilize ocean-going vessels. Marine discharge of ballast 

water causes spread of viruses, bacteria, microbes, small invertebrates, eggs, cysts 

and larvae of various species to new habitats. The tremendous and continuing 

increase in the volume of seaborne trade has increased the threat to marine 

biodiversity and the effects in many areas of the world have been devastating. 

Biofouling is an impediment in all maritime activities that involve exposure of 

materials to seawater. Ship-borne fouling has also been known to contribute to 

bioinvasion. 

The Earth System Sciences Organisation - National Institute of Ocean 

Technology (ESSO-NIOT) has initiated research and development for ballast 

water management as well as eco-friendly measures of biofouling control. The 

Ballast Water Treatment Technology Test Facility being set up by the institute will 

be one of its kind in the country and the second in tropical region. 

The International Conference on Advanced Technologies for Management of 

Ballast Water and Biofouling (MABB 2014) being organised by (ESSO-NIOT), 

Chennai from 4-7 March, 20 14 would address the two specific but closely related 

issues of ballast water and biofouling by providing a meeting ground for 

researchers, users and policy makers in the areas of Ballast Water Management 

(BWM), marine bioinvasion, biofilm and biofouling control to discuss the latest 

trends. It would also be an excellent forum for new business ideas and professional 

development. 

I extend a hearty welcome to all the delegates visiting ESSO-NIOT on this 

occasion. I wish all the very best for the grand success ofMABB 2014. 

Dr. M.A. ATMANAND 

Director, ESSO-NIOT, Chennai 



PREFACE 

The spread of invasive species is one of the greatest threats to many ecosystems in 
the world. In the marine realm, most of the bioinvasions have been attributed to 

ballast water used to stabilize ocean-going vessels.Marine discharge of ballast 
water causes spread ofviruses, bacteria, microbes, small invertebrates, eggs, cysts 

and larvae of various species to new habitats. The tremendous and continuing 

increase in the volume of seaborne trade has increased the threat to marine 
biodiversity and the effects in many areas of the world have been devastating. 
Considering the gravity of the impact of ballast water in spreading bioinvasion, 
the International Maritime Organization (IMO) has initiated preventive measures 

to divest ballast water of all biological organisms that can potentially invade a new 
habitat and proliferate therein. 

Cooling water system of coastal power plants, moored oceanographic 
instruments, ship hulls, aquaculture :frameworkand similar such structures in the 

marine environment face a common operational problem- biofouling. Ship-borne 
fouling has also been known to contribute to bioinvasion. Biofouling is an 

impediment in all maritime activities that involve exposure of materials to 

seawater. 

This International Conference on Advanced Technologies for Management of 

Ballast Water and Biofouling (MABB 2014)is conceived to address these two 

specific but closely related issues by providing a meeting ground for researchers, 
users and policy makers in the areas of Ballast Water Management (BWM), 
marine bioinvasion, biofilm and biofouling control to discuss the latest trends by 

means of presentation of their current work. The conference promises to shed 
quality insights leading to healthy debates on these topics, as well as to provide an 

excellent forum for new business ideas and professional development. 

The Earth System Sciences Organization - National Institute of Ocean 
Technology {ESSO -NIOT), Ministry ofEarth Sciences, Govt. of India, has taken 
the initiative to organize this conference jointly with the Biofouling and Biofilm 

Processes Section (Water and Steam Chemistry Division, WSCD) of the Bhabha 
Atomic Research Centre {BARC), Kalpakkam and the International 

Biodeterioration and Biodegradation Society {IBBS), U.K. 

R. Kirubagaran 

Convener 

V. P. Venugopalan 
Co - Convener 
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Time 

(Hrs) 

Activities  Page 

No. 

From To   

Tuesday, 4th March 2014  

18:30 21:00 Meet & Greet 

Venue: Madras Race Course Club 

 

Wednesday, 5th March 2014  

08.30  09.30  Registration of the participants  

9.30   Inauguration of the conference   

  Invocation & Lighting of the traditional lamp  

  Welcome address   

  Presidential address  

  About the conference  

  Address by Chief Guest  

  Release of Souvenir /Presentation of mementos   

  Vote of thanks   

10.50 11.00 Group Photo 

Venue: Portico of SagarSangamam Complex 

 

11.00 11.10 Inauguration of stalls  

11.10 11.30 High Tea 

Venue: Manthan Hall 

 

11.30 12.10 Keynote address  

The Bacterial Basis of Biofouling 

Dr.Hadfield M.G. 

University of Hawaii, U.S.A. 

1 

  Session – 1: Ballast Water and Ecological Consequences  

12.10 12:40  Plenary talk –1 

Ballast Water Treatment Testing and Investigations into the RiskRelease 

Relationship: Recent Research Activities of the Great Ships Initiative, 

USA. 

Dr. Allegra Cangelosi 

Meghana Desai (Northeast Midwest Institute (Great Ships Initiative)), 

Matthew Teneyck (University of Wisconsin Superior) and Allegra 

Cangelosi (Northeast Midwest Institute (Great Ships Initiative)) 

 

 

2 



12.40 12.55 Port risk assessment for ballast water managements in republic of Korea 
Eun-Chan Kim, Jeong-Hwan Oh and Seung-Guk Lee  
KIOST, Korea 

2 

12.55 13.45 Lunch 
Venue: Manthan Hall 

 

  Session – 2: Ballast Water Monitoring and Management  

13.45 14.15 Plenary talk 2 
Enforcement and compliance with respect to Ballast Water Convention  
Mr. D. Mehrotra 
IOMOU, Goa 

3 

14.15 14.30 Progress, Challenges and the Way Forward on Ballast Water Management 
in Malaysia 
Cheryl Rita Kaur 
MIMA, Malaysia 

4 

14.30 14.45 Challenges and solutions from certification testing and their implications 
for the practical implementation of ballast water management 
Frank Fuhr, Marcel Veldhuis, Etienne Brutel de La Rivière and Isabel van 
der Star 
MEA-nl, the Netherlands 

4 

14.45 15.00 An Analysis on Various Ballast Water Treatment Techniques for ORV 
SagarNidhi 
Rajasekhar D,  Deepak Sankar P S,  Anantha Krishna Rao, Narendra 
Kumar D, Siva Chidambaram, Rama Sundaram, K. 
VMC, NIOT 

5 

15.00 15.15 Effect of pH on flocculation of microalgal biomass during the growth 
stages of  chlorophycean microalgae Chlorella vulgaris (JF894249 & 
JF894250) (JF894249 & JF894250) 
Magesh  Peter D., Kirubagaran R, Mary LeemaThilakam J.,, Mehumuna 
Begum, Dharani. G., Vijayakumaran. M. &Atmanand. M. A. 
ESSO-NIOT, Chennai 

5 

15.15 15.30 Coffee break 
Venue: Manthan Hall 

 

  Session – 3: Advanced Ballast Water Treatment Technologies  

15.30 16.00 Plenary talk – 3 
Ships and invasive species: from testing ballast water treatment systems to 
the development of rapid and cost-effective on-board compliance and self-
monitoring techniques 
Dr. Louis Peperzak 
NIOZ, The Netherlands 

6 

16.00 16.15 Ballast Water Treatment Using Hydrodynamic Cavitation 
Anjan Mukherjee, Pratik Sangave and Aniruddha B Pandit,  
HyCa Technologies Pvt. Ltd., 176, UdyogBhavan, Sonawala Road, 
Goregaon (E), Mumbai 400063 INDIA 

7 

16.15 16.30 CFD analysis for a ballast free ship design 
Avinash Godey, Misra Suresh Chandra and Sha Om Prakash 
Indian Maritime University Visakhapatnam 
 

7 



16.30 16.45 Establishment of Ballast Water Treatment Technology – Test facility 

(BWTT-TF) by ESSO-NIOT 

KrupaRatnam, S. Rajaguru, V. P. LimnaMol, J. Santhanakumar, K. 

Thirupathi, G. Dharani, A. Ganesh Kumar, VijayaRavichandran, S.V.S. 

Phani Kumar, M. Vijayakumaran, D. Rajasekhar, R. Kirubagaran, M. A. 

Atmanand 

8 

16.45 17.00 Chlorination for ballast water treatment: relative survival of copepod 

zooplankton  

Mohamed Ershath MI, P. Sriyutha Murthy1, V. P. Venugopalan and K. 

Altaff.  

9 

17.00 17.15 The effect of pulse power ultrasound waves for control of biofouling 

Thiruppathi K (ESSO-NIOT, Chennai), Lakshmi P (Anna University), 

DhilshaRajapan (ESSO-NIOT, Chennai), Sudarsan K (ESSO-NIOT, 

Chennai) and Kirubagaran R (ESSO-NIOT, Chennai) 

9 

17.15 18.00 Poster session   

1.   Emergence of Spatial structure in Denitrifying Biofilm 

Shantanu Singh and Srinandan C. S. 

SASTRA University, Thanjavur 

10 

2.   Assessment of chlorination induced genotoxicity in the marine 

phytoplankton Chaetoceroslorenzisanus by single cell electrophoresis 

PoojaChavan, Rajesh Kumar, R. Kirubagaran and V. P. Venugopalan 

11 

3.   Assessment of genotoxicity in the green mussel Pernaviridis exposed to 

antifouling biocide 

PoojaChavan (BARC, Kalpakkam), Rajesh Kumar (BARC, Kalpakkam), R 

Kirubagaran (ESSO-NIOT, Chennai) and VP Venugopalan (BARC, 

Kalpakkam) 

11 

4.   Control of fouling bacteria in the firewater system of a power plant by 

chemical biocides - an in vitro study 

Balamurugan P (Pondicherry University), Prashanth K (Pondicherry 

University) and SubbaRao T (BARC, Kalpakkam) 

12 

5.   The nature of biofilm on rails 

MaruthamuthuSundaram, RajasekarPavanasam, Nainar Mohammed, 

Syed Azim and Palaniswamy Narayanan 

CSIR-CECRI, Karaikudi 

13 

6.   Preliminary studies on nature of epibiota assemblage on low crested 

coastal protection structures 

Prince Prakash Jeba Kumar J, VijayaRavichandran and Nandagopal G 

NIOT campus, Velacherry-Thambaram Main road Pallikaranai Chennai 

600 100 India 

13 

7.   Comparative efficacy of nitrogen oxide and chlorine dioxide as antifouling 

agents for reverse osmosis membranes 

PradnyaMeshram (BARC, Kalpakkam), Rachna Dave (BARC, Kalpakkam), 

Hiren Joshi (BARC, Kalpakkam), Dharani G (ESSO-NIOT, Chennai), 

Kirubagaran R (ESSO-NIOT, Chennai) and Venugopalan V.P (BARC, 

Kalpakkam) 

14 



8.   Mitigation of filtration membrane fouling by means of alginate lyase 
immobilization 
PradnyaMeshram, Rachna Dave, G Dharani, R Kirubagaran and VP 
Venugopalan 

14 

9.   Marine Biofouling Assessment on Ship’s Hull – Its Variation within the 
Hull Topography and Between Vessel Types 
Krupa Ratnam (ESSO-NIOT), L Vedaprakash (TiTAN, Chennai), R. 
Kirubagaran (ESSO-NIOT) 

15 

10.   Carbon-aerogel desalination 
V Archana and BaburajHarini  
Valliammai Engineering College, SRM Nagar,  Kattankulathur 

15 

11.   Microfouling inhibitors from the Indian gorgonian Subergorgiareticulata 
(Ellis and Solander, 1786) 
V.P. LimnaMol, K.R. Abhilash, T.V. Raveendran, P.S. Parameswaran 
ESSO-NIOT, NCSCM, NIO 

16 

12.   Chlorination induced trihalomethane production in condenser tubes made 
of copper alloys 
R Rajamohan, VP Venugopalan and UshaNatesan 

16 

13.   Polydimethylsiloxane (PDMS) nanocomposites inhibit microalgal 
adhesion 
GomathiSankar G (IIT-Madras), Sriyutha Murthy P (BARC, Kalpakkam), 
Arindam Das (IGCAR , Kalpakkam), Pandiyan V (Nehru Memorial 
College, Trichy), Venugopalan V.P (BARC, Kalpakkam) and MukeshDoble 
(IIT-Madras) 

17 

14.   Effect of Proteinase K on Staphylococcus aureusBiofilms 
Sudhir K Shukla and T. SubbaRao 
Bhabha Atomic Research Centre, Kalpakkam 

18 

15.   Studies on optimization of biofilm formation of the freshwater bacterial 
consortia and its interaction with Ag nanoparticles 
Deepak Kumar, JyotiKumari, AnkitaMathur, Natarajan Chandrasekaran 
and Amitava Mukherjee 
VIT University, Vellore 

18 

16.   Studies on hexavalent chromium adsorption by nano-bio composite 
Madona Lien Paul, Natarajan Chandrasekaran and Amitava Mukherjee 
VIT University, Vellore 

19 

17.   Isolation of a novel isolate of Pseudomonas aeruginosa SPB1 from 
naturally stressed environment for bio-remediation of Co-EDTA complex 
ArunachalamParaneeiswaran (Pondichery University), Sudhir K. Shukla 
(BARC, Kalpakkam), K. Prashanth (Pondichery University) and T. Subba 
Rao (BARC, Kalpakkam) 

19 

18.   Co(III) EDTA reduction by microbial granules 
Suja E, VenkataNancharaiah and Venugopalan V.P. 
BARC, Kalpakkam 

20 

19.   Isolation and purification of marine fungal extract and its effect on marine 
bacterial bioadhesion 
Siva Sankar Reddy, Chandrasekaran Kumar and 
DhinakarasamyInbakandan 
Sathyabama University, Chennai 

21 
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20.   Antibiofilm activity of imidazolium ionic liquids 

Kiran Kumar Reddy, YV Nancharaiah and VP Venugopalan 

21 

21.   Antifouling activities of biogenic silver nanoparticles from brown alga, 

Turbinariaornata  

Krishnan Muthukumar, Nishali Sam, SeeniPalanichamy and Gopalan 

Subramanian 

CSIR-CECRI, Tuticorin 

22 

22.   Biosynthesis and characterization of silver nanoparticles using marine 

chlorophycean algae Chlorella vulgaris (JF894249 & JF894250) 

(JF894249 & JF894250) and its antibacterial activity against selected 

pathogenic strains.  

Magesh Peter. D., Kirubagran. R., Saranya. D., ManjumeenaRajarathinam. 

S., Senthilkumar. S., Mary leemaThilakam. J., Dharani . G., 

Vijayakumaran. M. &Atmanand M. A. 

ESSO-NIOT, Chennai 

23 

23.   Studies on optimization of biofilm formation of the freshwater sediment 

bacterial consortia and its interaction with TiO2 nanoparticles 

JyotiKumari, Deepak Kumar, AnkitaMathur, Natarajan Chandrasekaran 

and Amitava Mukherjee 

VIT University, Vellore 

23 

24.   Studies on the prevalence of biofilm producing bacteria isolated from boat 

hull at various coastal areas in Tamilnadu, India 

EzhilarasiPandi and DhanasekaranDharmadurai 

Bharathidasan University, Tiruchirappalli, India 

24 

25.   Solar photoactive zinc oxide nanocoatings for the inhibition of biofouling 

Marwan Al Fori, Sergey Dobretsov, Myo Tay ZarMyint and Joydeep Dutta 

Sultan Qaboos University, Oman 

24 

26.   Ballast water: a threat to the Amazon Basin 

Newton Narciso Pereira, Rui Carlos Botter, José PinheiroFragosoNeto 

Pereira, Alan Cavalcanti da Cunha 

University of São Paulo, Brazil and Universidade Federal do Amapá, Brazil 

25 

27.   Tool to reduce ballastwater reporting form non-compliance 

Newton Narciso Pereira, Hernani Luiz Brinati, Rui Carlos Botter; Geert 

Jan Prange ; Marcelo Nelson PáezCarreño, Marco IsaíasAlayo Chávez, 

FábioBelotti Colombo 

University of São Paulo, Brazil  

26 

28.   Rapid detection method of biofouling potential in ballast water/ seawater 

SanghyunJeong and SaravanamuthuVigneswaran 

University of Technology Sydney 

26 

29.   Sustainable Utilization of Alien Tunicate Herdmaniapallida ( a Simple 

Ascidian) 

Tamilselvi M (V.V.Vanniaperumal College for Women, Virudhunagar), 

Abdul Jaffar Ali H (Islamiah College (Autonomous), Vaniyambadi ) and 

Sivakumar V (V O Chidambaram College, Tuticorin) 

27 



30.   The significance of sediment type and substratum depth in the habitat 
selection by Mytilopsissallei (Recluz) 
Ashok A Karande and UdhayakumarMasanam 
Naval Materials Research Laboratory, Ambernath 

28 

31.   Ballast Water Treatment and Management: Present and Future 
SwastikPattnaik, Tauseef Akhtar and Deepak Kumar 
Indian Maritime University, Visakhapatnam Campus 

28 

32.   Ballast Free Ships 
Varun Kumar Soni, Ashwini Kumar, Jha Gaurav Sarojan and Sukant 
Kumar 
Indian Maritime University 

29 

33.   The estimation of filtration rate of MytilopsissalleiRecluz using colour 
clearance method 
Ashok A Karande and UdhayakumarMasanam 
Naval Materials Research Labouratory, Ambarnath 

30 

18.30  Cultural Programme followed byDinner at NIOT Lawn  

Thursday, 6th March 2014  

  Session – 4: Marine Bioinvasion  

09.30  10.00 Plenary talk –4 
Marine bioinvasion: concern for ecology and shipping. 
Dr. A. C. Anil 
NIO, Goa 

 

10.00 10.15 Invasion of Snowflake Coral Carijoariisei (Duchassaing and Michelotti, 
1860) in Indian Seas 
ChelladuraiRaghunathan and KrishnamoorthyVenkataraman 
Zoological Survey of India 

30 

10.15 10.30 Non- indigenous ascidians in V.O. Chidambaram Port, Thoothukudi, India 
Abdul Jaffarali, Tamilselvi M and Sivakumar V 
Department of Biotechnology, Islamiah College (Autonomous), 
Vaniyambadi - 635 752, India 

31 

10:30 10.45 Valve movement pattern in the green mussel (Pernaviridis) in response to 
continuous chlorination 
Venkatnarayanan S (BARC, Kalpakkam), Sriyutha Murthy P (BARC, 
Kalpakkam), Kirubakaran R (ESSO-NIOT, Chennai) and Venugopalan V.P 
(BARC, Kalpakkam) 
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10.45 11.00 Marine invasive species in databases 
AnnukkaPekkarinen, Johan Bolmsten, JosefinMadjidian and Jonas 
Pålsson 
World Maritime University, Sweden 
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11.00 11.15 Coffee break 
Venue: Manthan Hall 

 

  Session – 5: Biofouling and its Control - I  

11.30 12.00 Plenary talk – 5 
‘Channeling’ the biofoulants away – Ion channel modulators as 
antifoulants 
Dr.KavithaSankaranarayanan 
Anna University, Chennai 

33 



12.00 12.15 Failure analysis of antifouling paints on ships hull 
Ramesh S Upadhyayula (Indian Maritime University,Visakhapatnam), 
Aditya Mukherjee (GayatriVidyaParishad College of 
Engineering,Visakhapatnam), Madhu Joshi (Indian Maritime 
University,Visakhapatnam) and Suresh Misra (Indian Maritime 
University,Visakhapatnam) 

34 

12.15 12.30 Biofouling community composition in cooling water circuits of a tropical 
power station: correlation with process parameters. 
Sriyutha Murthy, P. Veeramani, P., Ershath, M., Venugopalan, V. P. 
BARC, Kalpakkam 

34 

12.30 12.45 Antifouling potential of mangrove associated bacterium Bacillus subtilis 
subsp. subtilis RG 
RamasamyRamasubburayan, Santhiyagu Prakash, PalanisamyIyapparaj, 
ArunachalamPalavesam and Grasian Immanuel 
ManonmaniamSundaranar University, Tirunelveli 

35 

12.45 13.00 In silico analysis of mussel adhesive foot proteins 
MuthukumarSingaravelu (ESSO-NIOT, Chennai), 
RamalingamKirubagaran (ESSO-NIOT, Chennai) and SharmilaAnnishety 
(Anna University) 

36 

13.00 13.15 Laboratory and field testing of environmentally benign antifouling 
coatings  
Chin Sing, LIM, SerinaSiew Chen, LEE, Wai, LEONG, Ying Xian NG, 
Serena Lay Ming, TEO 

37 

13.15 14.00 Lunch 
Venue: Manthan Hall 

 

  Session – 6: Biofouling and its Control - II  

14.00 14.30 Plenary talk – 6 
Towards green antifouling technologies in industrial cooling water systems 
Dr.Rajagopal S. 
1Department of Animal Ecology and Ecophysiology, Institute for Wetland 
and Water Research, Radboud University Nijmegen, Heyendaalseweg 635, 
6525 AJ Nijmegen, The Netherlands 
2Institute for Marine Resources and Ecosystem Studies (IMARES), 
Wageningen University, Ambachtsweg 8A, 1785 AJ Den Helder, The 
Netherlands 
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14.30 14.45 Tunable antimicrobial releasing polymer for biofilm control  
Rachna Dave, Hiren Joshi and Venugopalan V. P.  
BARC  

38 

14.45 15.00 Development of chitosan nanoparticles based paints for anti-corrosion and 
anti-fouling in marine structures 
G Sakthinathan, M Siva, P Kanatha Prakash and P Sankar Ganesh 
(Anna University, Thoothukudi campus) 

39 

15.00 15.15 Extraction, chemical profiling and antifouling activities of Avicnnia 
marina 
Nishali Sam, Krishnan Muthukumar, SeeniPalanichamy and Gopalan 
Subramanian 
CSIR-CECRI, Tuticorin 

39 



15.15 15.30 Prevention of bacterial adhesion on PMMA by silane treatment 
Sathya, S., P. Sriyutha Murthy, Venkatnaranayanan, S., Arindam Das, 
Venugopalan, V. P. and Doble, M. 
BARC, Kalpakkam 

40 

15.30 15.45 On-line Biofouling control in the plate heat exchanger system using 
osmotic shock technique  
Thiruppathi K (ESSO-NIOT), Lakshmi P (Anna University), Saravanan N 
(ESSO-NIOT) and Kirubagaran R (ESSO-NIOT) 

41 

15.45 16.00 Coffee break 
Venue: Manthan Hall 

 

  Session – 7: Biofilm Biology and Biotechnology - I  

16.00 16.30 Plenary talk – 7 
Exploiting evolutionary cooperation to disrupt biofilms 
Srinandan C S (SASTRA University), MonalishaElango (IISc, 
Bangalore), DivyaprakashGnanadas (IISc, Bangalore) and 
DipshikaChakravortty (IISc, Bangalore) 

41 

16.30 16.45 Calcium-Mediated Modulation of Staphylococcal Bacterial Biofilms 
Sudhir K Shukla and T. SubbaRao 
BARC, Kalpakkam 

42 

16.45 17.00 Role of microbial aggregation in biofilm formation by bacterial strains 
isolated from offshore finfish culture environment 
Saravanan N., Pankaj Verma, LimnaMol V.P., Sendhil Kumar, R., 
Somasundaram, S.T., Dharani, G., Kirubagaran, R. 

43 

17.00 17.15 Laboratory reconstruction of photosynthetic biofilms in the form of 
granular biomass using bubble column photobioreactors 
Rajesh Kumar and V.P. Venugopalan 
BARC, Kalpakkam 

43 

17.15 17.30 Antibiofilm activities of extracellular polymeric substances produced by 
bacterial symbionts of seaweeds 
N.Viju (ManonmaniumSundaranarUniversity,Tirunelveli), A. Anitha 
(ManonmaniumSundaranarUniversity,Tirunelveli), S. Sharminvini 
(ManonmaniumSundaranarUniversity,Tirunelveli), C.V.Sunjaiyshanker 
(ManonmaniumSundaranarUniversity,Tirunelveli), S. Satheesh (King 
abdulaziz University, Saudi Arabia)& S. Mary Josephine punitha 

(ManonmaniumSundaranarUniversity,Tirunelveli). 
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  Dinner  
Venue: Hot Kitchen, East Coast Road 

 

Friday, 7th March 2014  

  Session – 8: Biofilm Biology and Biotechnology - II  

09.30 09.45 Immobilization of nanosilver on stainless steel surfaces to control marine 
biofilm formation 
DhinakarasamyInbakandan (Sathyabama University), Dune Naga 
Ravindra (Sathyabama University), V Siva Kumar (Sathyabama 
University), C Kumar (Sathyabama University), R Venkatesan (ESSO-
NIOT, Chennai) and S Ajmal Khan (CAS in Marine Biology, Annamalai 
University) 

45 



09.45 10.00 Fluorimetric Study of Iron Bacteria 

Sathishkumar S, Bhabani Shankar Panigrahi and Dhanya M 

IGCAR, Kalpakkam 

45 

10.00 10.15 Prevention of Acyl homoserine lactone (AHL) mediated biofilm formation 

by selected flora of Andaman & Nicobar Islands. 

Deepa S, Venkateswaran. P, Vinithkumar N.V and Kirubagaran R 

ESSO-NIOT, Pallikarnai, Chennai 

46 

10.15 10.30 Studies on biofilm formation and antifouling activities of invertebrate 

extracts 

Bragadeeswaran Subramanian 

CAS in Marine Biology, Annamalai University 

46 

10.30 10.45 Antimicrofouling properties of chosen marine plants: an eco-friendly 

approach to restrain marine microfoulers 

Prakash Santhiyagu (SRM university), RamasamyRamasubburayan 

(ManonmaniumSundaranarUniversity,Tirunelveli), Ahila Natarajan 

(Alagappa University), Sri RamkumarVijayan (Alagappa University), 

IyapparajPalanisamy (Alagappa University) and KannapiranEthiraj 

(Alagappa University) 
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10.45 11.00 Coffee break 

Venue: Manthan Hall 

 

11.00 11.45 Session – 9 

Brainstorming on Recent Advances in Ballast Water 

Management and Biofouling Control 

Venue: Panikkar Hall 

 

  Session – 10: Industry Session 

Venue: Panikkar Hall  

 

11.45 12.00 TiTaN’s Ballast Water Treatment System - Process and Performance 

T. Jeyananth (TiTAN, Chennai), R. Nagarajan (TiTAN, Chennai),  

N. Sivagnanam (RT Safe Ballast Private Limited)  and L. Vedaprakash 

(TiTAN, Chennai) 
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12.00 12.10 GE Wipro  

12.10 12.20 Bauer  

12.20 13.00 Valedictory - Summarizing, outcome and feedback of the conference  

13.00 14.00 Lunch 

Venue: Manthan Hall 

 

14.00 18.30 Post Conference Tour to Mahabalipuram  

 

 Combat Bioinvasion! Combat Bioinvasion! Combat Bioinvasion! Combat Bioinvasion!             Conserve Biodiversity!!Conserve Biodiversity!!Conserve Biodiversity!!Conserve Biodiversity!!    
 



COMMITTEES



ii

Committees

Advisory Committee

Chairman Shailesh Nayak Dr. Chairman, ESSO-NIOT-GC &
Secretary,  Ministry of Earth Sciences (MoES)
Govt. of India

Member Sinha R.K. Dr. Chairman, Atomic Energy Commission &
Secretary to Govt., Department of Atomic Energy

Member Basu S. Shri Director,
Bhabha Atomic Research Centre
Govt. of India

Member Fleming H-C Prof. Dr. Faculty of Chemistry - Biofilm Centre
University of Duisburg-Essen, Germany

Member Hadfield M.G. Dr. Professor of Zoology, Principal Investigator
Marine Invertebrate Zoology & Conservation Biology
Kewalo Marine Lab

Pacific Biosciences Research Center / University of Hawaii at
Manoa, Hawaii

Member John G. Dr. Sc.-H, Department of Biotechnology,
Govt. of India

Member Naqvi S.W. A. Dr. Director,
National Institute of Oceanography, India

Member Rittschof D. Dr. Duke Marine Lab
135 Duke Marine Lab Road
Beaufort, North Carolina, United States of America

Member Prabhat Kumar Dr. Chairman & Managing Director,
Bharatiya Nabhikiya Vidyut Nigam Limited (BHAVINI),
Kalpakkam, Tamil Nadu, India

Member Pisupati B. Dr. Chairman,
National Biodiversity Authority, Chennai, India

Member Qian P.Y. Dr. Division of Life Science
The Hong Kong University of Science and Technology
Hong Kong

Member Ramesh R. Dr. Director,
National Centre for Sustainable Coastal Management
(NCSCM), Ministry of Environment and Forests (MoEF),
Anna University Campus, Chennai, India

Member Srinivasa Gopal T.K. Dr. Director,
Central Institute of Fisheries Technology
Cochin, Kerala, India

Member Venkataraman K. Dr. Director,
Zoological Survey of India
Kolkata 700 053, India

Member Dr.A.Gopalakrishnan Director
Central Marine Fisheries Research Institute
Post Box No. 1603, Ernakulam North P.O.,
Kochi-682 018, Kerala, India

Member Shri S Anantha Narayanan The Director
Naval Physical & Oceanographic Laboratory,
Kochi, Kerala, India



iii

Committees

Technical committee

Chairman Subramoniam T. Prof. Indian National Science Academy (INSA) Sr. Scientist, India

Co-Chairman Nair K.V.K. Dr. Sc. Off – G & Head (Retd.) Marine Biology Programme,
WSCD, BARC, Kalpakkam, India

Member Anil A.C. Dr. Chief Scientist, National Institute of Oceanography (NIO),
Goa, India

Member Dobretsov S. V. Dr. IFM-GEOMAR, Kiel University, Germany

Member Hellio C. Dr. Reader in Environmental Biotechnology, School of Biological
Sciences, University of Portsmouth, UK

Member Kaag N.H.B.M. Dr. IMARES - Institute for Marine Resources and Ecosystem
Studies, Wageningen University, The Netherlands

Member Pradeep Kumar Dr. Head, Marine Biotechnology,
Naval Materials Research Laboratory, Ambernath, India

Member Rajagopal S. Dr. IMARES - Institute for Marine Resources and Ecosystem
Studies, Wageningen University, The Netherlands

Member Raju S. Dr. Associate Professor, Department of Biological Sciences, Xi’an
Jiaotong-Liverpool University, China

Member Thiyagarajan V. Dr. Assistant Professor, School of Biological Sciences, The
University of Hong Kong, Hong Kong

Organizing Committee

Patron Nayak S. Dr. Chairman, ESSO-NIOT-GC &
The Secretary, Ministry of Earth Sciences (MoES)
E-mail: secretary@moes.gov.in
Ph: +91-011-24360874/ 24362548

Chairman Atmanand M.A. Dr. Director, ESSO-NIOT
E-mail: atma@niot.res.in
Ph: +91-44-66783303

Convener Kirubagaran R. Dr. Head, OSTI, ESSO-NIOT
E-mail: kiruba@niot.res.in / kirubagar@gmail.com
Ph: +91-44-66783418 / 22461102
Fax: +91-44-66783430

Co-Convener Venugopalan V.P. Dr. Head, Biofouling and Biofilm Processes Section, Bhabha
Atomic Research Centre, Kalpakkam
E-mail: vpv@igcar.gov.in / vpvenu@gmail.com
Ph: +91-44-27480500 Extn. 22607

Member Sanjeevan V.N. Dr. Director, CMLRE, Kochi
E-mail: sanjeevanmoes@gmail.com
Ph: +91-484-2427790



iv

Committees

Organising committee

Member Rao T. S. Dr. Sc. Off.-G, BBPS, WSCD, BARC
E-mail: sssssubububububbbbbbaaaaarrrrraoaoaoaoao@igcar.gov.in
Ph: +91-44-27480500 Extn. 22684

Member Rajasekhar D. Mr. Head, Vessel Management Cell,
ESSO-NIOT
E-mail: rajasekhar@niot.res.in
Ph: +91-44-22460652

Member Vijayakumaran M. Dr. Consultant, OSTI, ESSO-NIOT
E-mail: vijay@niot.res.in
Ph: +91-44 - 6678 3419 / 3425

Member Dharani G. Dr. Sc. E, OSTI, ESSO-NIOT
E-mail: dhara@niot.res.in
Ph: +91-44- 6678 3423 / 3425

Member Vinithkumar N. V. Dr. Sci. D, ANCOST, ESSO-NIOT,
Port Blair, Andaman Islands.
E-mail: vinith@niot.res.in
Ph: 03192/ 225083 / 225789

Member Murthy P. S. Dr. Sc. Off.-E, BBPS, WSCD, BARC, Kalpakkam
E-mail: psmurthy@igcar.gov.in
Ph: +91-44-27480500 extn: 23341

Member Rajamohan R. Mr. Sci. Off. E, BBPS, WSCD, BARC, Kalpakkam
E-mail: rrmohan@igcar.gov.in
Ph: +91-44-27480500 extn. 22684

Finance Committee

Chairman Kirubagaran R. Dr. Head, OSTI, ESSO-NIOT
E-mail: kiruba@niot.res.in / kirubagar@gmail.com
Ph: +91-44 – 66783418 / 22461102
Fax: +91-44-66783430

Co-chairman Rajasekhar D. Mr. Head, VMC, ESSO-NIOT
E-mail: rajasekhar@niot.res.in
Ph: 044-22460652 / 66783500

Treasurer Rangamaran T.P. Mr. Deputy Manager, F&A, ESSO-NIOT
E-mail: maran@niot.res.in
Ph: +91-44-6678 3458



v

Profile



vi

The major aim of starting NIOT under the Ministry of
Earth Sciences, is to develop reliable indigenous
technology to solve the various engineering problems
associated with harvesting of non-living and living
resources in the Indian Exclusive Economic Zone (EEZ),
which is about two-thirds of the land area of India.

Mission Statement

Ø To develop world class technologies and their
applications for sustainable utilization of ocean
resources.

Ø To provide competitive, value added technical services
and solutions to organizations working in the oceans.

Ø To develop a knowledgebase and institutional
capabilities in India for management of ocean
resources and environment.

The institute carries out the following:

· Development of technology related to the country’s
needs in the field of ocean science and technology
including deep seabed mining, ocean energy and
ocean observations systems, in consonance with ocean
policy and national priorities.

· Utilizing the knowledge and experience gained
through research and development in ocean sciences
in scientific institutions within the country and
keeping in view the need to adhere to international
quality systems, cost effectiveness and preservation of
the environment.

· Research and development in marine sensors, systems,
ocean acoustics and ocean electronics.

· Improvement of existing indigenous technology and
adaptation of imported technology in the field of
ocean science and technology.

· Technical advisory services like information,
extension, consultancy and testing in the field of ocean
science and technology.

· Development of required technologies for the
management of coastal zone and islands of the
country.

· Operation and maintenance of vessels to provide
support to all the activities for achieving the objectives.

Some achievements in the above areas are given below.

Energy & Fresh Water

Energy and Fresh Water programme has been focusing on
developing cost effective technologies for producing high
quality drinking water and clean energy from ocean.
Under this programme extensive research, development,
sea testing trials and implementation of wave energy
conversion and ocean thermal energ y conversion
technologies have been carried out. The experience gained
led to the technologies like Low Temperature Thermal

National Institute of Ocean Technology (NIOT)

Desalination (LTTD) and wave energy using fixed and
floating devices. LTTD based desalination plant was
successfully set up at Kavaratti island in Lakshadweep in
2005 and has been producing fresh water for the local
community since then. Also plants at other two islands
namely Minicoy and Agatti have been commissioned and
are running continuously. The Backward Bent Ducted
Buoy (BBDB) developed by the team, with single point

Ocean current turbine

Desalination plant (LTTD) at Kavarrati Island

Wave energy buoy-BBDB

during sea trail



vii

mooring system survived the severe environmental
condition during the sea trials. The data covering a wide
range of wave climate were collected and good experience
in designing of power module was gained. Ocean current
turbine development, ocean thermal energy conversion are
part of the significant activities.

Offshore Structures

Several offshore components for various programmes like
desalination, mining, data buoys and for offshore wind
energy are being developed under this programme. The
components include anchors, moorings, submarine
pipelines and risers for floating platforms and design of
fixed structures to cater to the needs of above programmes.
These structures / components are being analysed for
environmental loads such as tides, waves, currents etc.
through laboratory and field studies. The suction pile
developed under this programme has been tested
successfully in shallow waters off Ratnagiri.

Deep Sea Technology and Ocean Mining

The group has been working on development of systems
and devices for ocean mining, since 1994. Mining concept
where a crawler based mining machine collects, crushes
and pumps nodules to the mother ship using a positive
displacement pump through a flexible riser system has
been taken up and field demonstration has been carried

out. The crawler has been tested at 500m depth and the
insitu soil tester developed by the group has been
successfully tested at a depth of 5200 m at the nodule
mining site of Central Indian Ocean Basin (CIOB). The
artificial nodule laying system has also been tested in the
deep sea.

Desalination plant at Agatti

Desalination plant at Minicoy

Deep sea mining system

Marine Sensor & Electronics

The focus of Marine Sensor Systems programme is the
development of sophisticated underwater sensor
technolog y for marine applications and creating
infrastructure for reducing the development time and
facilitates rapid prototyping. A facility of excellence to
provide electronic support to various activities and projects
of NIOT has been established which includes a Helium-
Leak detector, Shock and Vibration Test Facility,
Corrosion Testing Chamber, Environmental Chamber
and EMI/EMC analyzer. A Burried Object Scanning
Sonar is being developed by the group. The group has
successfully developed a light weight, 2-16kHz acoustic
subbottom profiler transmitter operable upto 30bar
pressure and tested in the sea.

Coastal and Environmental Engineering

Coastal and Environmental Engineering (CEE)
programme focuses on the coastal infrastructure
development and engineering applications. The group has
carried out numerous industrial projects covering wave
tranquility studies, environmental impact assessment
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studies, pollution monitoring , waste allocation and
multibeam survey. The storm surge model developed by
the group was handed over to IMD for their use. Currently
the group handles Kalpasar project which involves four
major sub-projects having intense field observations,
geophysical/geotechnical/bathymetric surveys and
numerical modeling which provides cost effective,
environment friendly engineering solutions. Geophysical
and hydrographic survey has been completed at Kalpasar
dam corridor area.

developed by the team has been successfully tested at
5289m depth. The Autonomous Coring System (ACS)
jointly developed with USA has been successfully field
tested in shallow waters.

Ocean Acoustics

The Ocean Acoustics programme focuses on research and
development in underwater acoustics considering its wide-
ranging applications in the oceans. An autonomous noise
measurement system developed by the team was
successfully deployed along with a moored met-buoy and
has been operational in shallow waters off Visakhapatnam
during monsoon. Time series observations for 48 days have
been made which include extreme events. The group is
also carrying out development of vector sensor, advanced
signal processing methodologies for underwater acoustic
communication, acoustic sea bed characterization etc.

Remotely Operable Vehicle

Remotely Operable Submersibles and Gas Hydrates

The objective of the Submersibles & Gas Hydrates
programme is to develop technological tools for deep
ocean mineral exploration such as Poly metallic
Manganese Nodules, Gas hydrates and offshore
applications such as seabed imaging, pipeline routing,
submarine cabling , well head detections. The ROV

Gulf of Khambhat

Ambient Noise measurement device

Ocean Electronics

Ocean Electronics has a mandate to develop ocean
observation systems and demonstrate for applications in
the ocean. The group is involved in the development of
Deep Ocean Bottom Pressure Recorder (DOPR) &
surface buoy data logger for Tsunami Early Warning
Systems, Glider, Autonomous Underwater Profiling
Drifter (AUPD), Drifter and technologies for data
communication using INSAT satellites. Sea trials of
indigenously developed tsunami BPR was conducted at
1900m off Chennai.

Ocean Observation Systems

Met-ocean Data buoy
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The Ocean Observation Systems (OOS) programme has
the mandate to establish and maintain data Buoy network
in Indian seas for measurement of met-ocean parameters
to monitor the marine environment. Since 1996 the
moored buoy programme has been catering to the in situ
observation requirements in the ocean and real time data
on meteorological/ocean parameters are made and
disseminated to INCOIS. 15 deep sea moored buoys
which include OMNI buoys with subsurface sensors, have
been established in Arabian Sea and Bay of Bengal.

Vessel Management Cell

The main function of Vessel Management Cell (VMC) is
the operation, maintenance and management of vessels of
the Ministry of Earth Sciences (MoES). Coastal Research
Vessel (CRV) Sagar Purvi and Sagar Paschimi, Buoy
Tender Vessel (BTV) Sagar Manjusha and Oceanographic

Research Vessel (ORV) Sagar Nidhi are being operated.
Southern Ocean Expedition has been successfully carried
out twice by Sagar Nidhi.

Ocean Science and Technology for Islands (OSTI)

Programme is being implemented by the Earth System
Sciences Organization - National Institute of Ocean
Technolog y (ESSO-NIOT), a technical arm of the

Sagar Nidhi ORV

Tubular Photobioreactor

Ministry of Earth Sciences, Government of India, for a
balanced development of island with special emphasis on
building up of infrastructure and expertise in ocean science
and technology for the conservation and development of
island resources. The aim of the initiative is to develop
and transfer technology in the area of marine living
resources and to get socio-economic benefits to the coastal
fishers, the island community in particular. For the
efficient implementation and demonstration of the ocean
science and technology related programmes, OSTI has
established a state-of-the-art laboratory in head quarter
at Chennai and a well equipped field unit Andaman and
Nicobar (A & N) Center for Ocean Science and
Technology for Islands at Port Blair for carrying out
cutting edge research in the field of marine biology,
molecular biology and biotechnology.

Open sea cages (North Bay- Port Blair)
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Beginning with the development and transfer of
technology in lobster and crab fattening to the coastal
fishers, the OSTI is also involved in developing and
deploying Oceanic Fish Aggregating Devices (FADs) in
Lakshadweep and the A & N Islands, and emplaced over
750 Artificial reefs along Odisha coast, which greatly
benefitted many coastal fishers in augmenting their source
of income. The OSTI has transformed to achieve progress
in the line of developing advanced technologies in Sea cage
farming of marine finfish, Microalgal biotechnology and
Microbial Biotechnology. Establishment of Ballast Water
Treatment Test Facility, Development of potential drugs
from the ocean, Advanced method of biofouling control,
regular monitoring of physico-chemical and biological
parameters of marine environment around Port Blair and
Wandoor Bays are also some of the important programs
handled by OSTI. Island resource information system and
Environmental Impact Assessment in the Islands are the
other services being rendered by the OSTI group for
various governmental agencies for their developmental
programmes in Andaman & Nicobar group of Islands.

Marine Algal Biotechnology

Isolation and screening of high biomass, lipid,
nutraceuticals yielding marine microalgae from Indian
waters; design, development and testing of
photobioreactors and pond based mass culture systems;
optimization of physicochemical variables, mass scale
harvesting, dewatering and extraction techniques are the
important targets under this activity. So far more than 200
marine microalgal strains isolated from the coastal and
oceanic waters of Indian main land, Andaman & Nicobar
(A & N) Islands and Lakshadweep were screened for

biomass, lipid and other nutraceuticals production. Three
large scale culture systems, such as Continuous Flow
Bubble Column Reactor, Tubular Photobioreactor and
Solar Powered Paddle Wheel Operated Raceway System
were designed, developed, tested and standardised in
outdoor using three high lipid yielding marine microalgae
(Chlorella vulgaris, C. sorokiniana and C. pyrenoidosa)
under autotrophic and mixotrophic culture conditions in
custom designed media for production of lipid and
nutraceuticals. In addition, an electro flocculation
technique has been developed and optimized to harvest
biomass and extract lipid and nutraceuticals from marine
microalgae.

Marine Microbial Biotechnology

Isolation and culture of deep sea microbes in situ
conditions for novel bio-molecules production are
scientifically challenging issues. To achieve success in this
attempt, development of deep sea high pressure sampler,
high pressure and low temperature serial dilution system
and fermentors are of paramount importance. So far more
than 200 novel deepsea microorganisms were isolated
from water and sediment samples collected from 1000-
2000 m depth of the Arabian Sea, Bay of Bengal and the
Andaman Sea. More than 150 deep sea microorganisms
are identified by partial sequencing of 16S rRNA gene.
Two species of deep sea bacteria and one fungus were
successfully cultured under high pressure and low
temperature fermentor system up to 200 bar pressure for
production of bioactive compounds. An anti-fungal
(griseofulvin) and an anticancer (spirobenzofuran
derivatives) compounds producing deep sea fungus
Nigrospora sp. was identified. A low molecular weight
(<6KD) broad spectrum anti-microbial peptide
producing deep sea bacteria, Bacillus subtilis was also
characterized from the deepsea environment. Two strains
of fungus Purpureocillium lilacinum were found to
produce an anti-oxidant extracellular polysaccharide and
an antifungal (4-methyl-5-thiazoleethanol) and an
anticancer (5-pyrazine derivatives) compounds. An
extracellular glutaminase-free L-asparaginase producing
marine actinobacteria, Nocardiopsis alba and lipopeptide
surfactant producing sponge associated Bacillus
licheniformis were isolated from A & N Islands. In

Continuous Flow Bubble Column Reactor

Ocean Science and Technology for Islands

ESSO-National Institute of Ocean Technology
(Ministry of Earth Sciences, Govt. of India)

Pallikarani, Chennai 600 100, India
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addition, a novel consortium of deep sea microbes was
developed for biodegradation of complex hydrocarbons.

Open Sea Cage Culture

Large scale fish production through mariculture is the only
alternative to cope up with the ever increasing demand
for fish proteins. Towards addressing this issue, design and
development of sea cages with mooring systems suitable
for Indian seas are essential components for the
demonstration of open sea cage culture of commercially
important marine finfishes. A successful demonstration
was made by developing and deploying 9m dia HDPE
cages with multipoint mooring in Kothachathram
(Andhra Pradesh), Olaikuda (Tamil Nadu) and North Bay
(Andaman Islands) representing open sea, semi-protected
and fully protected environments, respectively. The
concept of nursery rearing of marine finfish fingerlings in
sea cages was introduced and demonstrated with seabass
seeds of 6 g size with 90 % survival and 24 g weight gain
over a period of 45 days. The culture of marine finfishes,
such as the Asian seabass (Lates calcarifer), cobia
(Rachycentron canadum), pompano (Trachinotus blochii),
milkfish (Chanos chanos), giant travelly (Caranx igonobilis)
and blue-barred parrot fish (Scarus ghobban) was
successfully demonstrated.

Development of potential drugs from the ocean

Under this activity, it is aimed to isolate and identify novel
bio-molecules with potential pharmaceutical activity from
marine organisms. The project entails collection and
identification of marine organisms, extraction and
screening of samples for medicinal properties, isolation of
active molecules, synthesis and conduct of clinical trials
and development of drugs from the pure molecules. So
far 759 macro flora (294) and fauna (465) were collected
from the sea around the A & N Islands and screened. The
testing conducted in the laboratory revealed the presence
of a flavanoid glycoside (Excoecaria agallocha), hexane-
1,2,3,4,5,6-hexol (Sonneratia alba) and 3-(4-
Hydroxyphenyl)-2-propenoic acid (Avicennia marina)
compounds with promising bioactivity.

Ballast water treatment and testing

To address the Ballast Water Management problem, OSTI
is in the process of establishing a Ballast Water Treatment
Technology - Test Facility (BWTT-TF) in accordance
with International Maritime Organization (IMO)
guidelines. A sophisticated analytical laboratory for the
analysis of the Ballast Water treatment parameters has
been established at ESSO - NIOT and the exercise for
acquiring NABL (National Accreditation Board for

High Pressure serial dilution system and fermentor

Acinetobacter sp. isolated from 2000m depth marine sediment  Sea bass harvested – Kothachatram
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Testing and Calibration Laboratories) as per ISO/IEC
17025:2005 were completed. The ballast water treatment
and test facility is proposed to be developed in the NIOT
seafront facility at Vagarru villages in Nellore district of
Andhra Pradesh. The site is in close proximity to the river,
Swarnamukhi, Bay of Bengal and Buckhingham canal in
the north, east and west, respectively. The site is selected
as specified for the inlet water quality in G8 guidelines of
IMO. The facility is expected to be commissioned for
testing Ballast Water Treatment Technologies developed
by various manufacturers by 2015.

Advanced methods for biofouling control

ESSO - NIOT and the Bhabha Atomic Research Centre,
Kalpakkam, are jointly working on Advanced Methods
for Biofouling Control with the objectives to develop
advanced physical (acoustic and electric pulse based)
methods for biofouling control in pipelines and on heat
exchanger surfaces. Screening, isolation, purification and
characterization of novel environment friendly antifouling
compounds from marine organisms (microbes,
invertebrates and other eukaryotes), testing of new
antifouling techniques for seawater cooling systems using
the Biofouling Test Loop Facility and assessment of the

ecotoxicological effects of present and upcoming
antifouling techniques using appropriate test organisms
in experiments involving laboratory assays and mesocosms
are also being undertaken.

Monitoring of pollution around Port Blair and

Wandoor Bays

It is is a multi-institutional project to continuously
monitor the health of sea in around the Port Blair and
Wandoor Bays. The major objective of the programme is
to conduct periodic coastal cruises and collect scientific
data on the physicochemical and biological parameters of
sea water and sediment samples from the coastal ocean of
the A & N Islands. Continuous observation is being
carried out since 2002 through quarterly sampling
covering all 8 major prevailing seasons during low and high
tides.

Development and deployment of artificial reefs and

oceanic fish aggregating devices

The OSTI group developed and deployed artificial reef
structures successfully in three places, Penthakata,
Chandrabhaga and Balinolcha along the Odisha coast for
the Department of Fisheries, Government of Orissa,
utilizing the fund received from the United Nations

Sample collection by SCUBA diving

Soft coral Sinularia sp.

Ballast water treatment testing facility – Schematic view

Biofouling in shell and tube heat exchangers
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Devevelopment Programme. The post deployment survey
of artificial reef structures revealed large congregation of
grouper and other reef fishes in the vicinity of artificial
reef structures. The reef supports the traditional fishers
and discourages trawling thereby protecting the turtles and
their nesting grounds. The group has also successfully
developed and deployed 28 FADs in Lakshadweep and
10 FADs A & N Islands. The FADs act as fishing banks
that reduce the travel time, fuel cost and enhance the fish
catch.

Island resource information system and marine

environmental impact assessment

The developmental programmes to be undertaken in the
islands necessitate striking a balance between ecology and
resource use. The island resource information programme
is primarily focused on the development of Geographical
Information System (GIS) based island-wise resource
inventory to provide a powerful platform to integrate
multiple resource information in the form of multi-layered
Geo-database. This will help the resource managers and
policy makers to evaluate the natural resources in a holistic
manner through a user-friendly and interactive interface
to take appropriate decisions for various developmental
activities in the islands. It can also be used as a powerful
tool to synthesize all the data, for comprehensive
interpretation and forecasting of marine environmental
ecosystems and biodiversity of the islands.

Congregation of grouper in

Artificial Reef
FAD Deployment at off

Chidiatappu A&N

Peel Island - DEM Coral coverage - PongiBalu

Key accomplishment of OSTI during the past few

years

Ø Isolated more than 200 marine microalgal strains from
the coastal and oceanic waters of Indian main land,
Andaman and Nicobar Islands and Lakshadweep and
screened for them biomass, lipid and nutracueticals
production.

Ø Designed, developed and tested Continuous Flow
Bubble Column Reactor, Tubular Photobioreactor
and solar powered paddle wheel operated Raceway
system for mass culture of microalgae and
standardised outdoor mass culture of three high lipid
yielding marine microalgae, Chlorella vulgaris, C.
sorokinianaand C. pyrenoidosa.

Ø Developed and optimized electro flocculation
technique for harvesting biomass from large scale
marine microalgae culture.

· Isolated and identified more than 200 novel deep
sea microorganisms from water and sediment
samples collected from 1000-2000 m depth of the
Arabian Sea, Bay of Bengal and the Andamn Sea.

· Antifungal and anticancer compounds
(griseofulvin and spirobenzofuran derivatives)
producing deep sea fungus Nigrospora sp. and low
molecular weight (<6KD) broad spectrum anti-
microbial peptide producing deep sea bacteria,
Bacillus subtilis were successfully cultivated in
high pressure and low temperature fermenter
system up to100 bar pressure.

· The marine fungus Purpureocillium lilacinum
which produce an anti-oxidant extracellular
polysaccharide, an antifungal(4-methyl-5-
thiazoleethanol) and an anticancer (5-pyrazine
derivatives) compound, was isolated from
1000 m depth.
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ANCOST Laboratory Facility SCUBA diving training at North Bay

· Developed and deployed 28 FAD in
Lakshadweep group of Island and 10 FADs
Andaman and Nicobar Islands

Facilities

Sophisticated state-of-art analytical laboratory at NIOT
Chennai: Ocean Science and Technology for Island at
NIOT Chennai houses various laboratories like,
microalgal, micro biolog y, molecular biolog y,
biochemistry, cell culture, ballast water treatment and
testing, seawater chemistry, and isotope handling facility.
These laboratories are equipped with state-of-the-art
sophisticated equipments, such as HPLC, GC, GC-MS,
FTRI, TOC Analyzer, NIR , Fast Column
Chromatography, Beta and Gama counters, Fluorescent,
UV/Vis Spectrophotometer, ELISA Reader, Gel
documentation system, Gradient and Real Time PCR,
Cryo microtome, ultra centrifuge, industrial sonicator,
Lyophylizer, high pressure fermentor, photobiorector,
water purification systems, Phase contrast, Fluorescent up-
right and inverted microscopes, Atomic Force Microscope,
Scanning Electron Microscope, etc to carry out cutting
edge research in the field of marine biology, molecular
biology and biotechnology.

Field station cum marine biological laboratory at Port
Blair: Andaman and Nicobar Center for Ocean Science
and Technology for Island is field cum marine biological
laboratory situated in sprawling 20 hectares campus
encompassing 16 hectares aquaculture demonstration
farm, and 2500 square meters of administrative cum
laboratory complex at Minnie Bay, Port Blair. The center
is has seawater intake facility, jetty, FRP OBM boats,
various types of sampling, SCUBA diving equipment’s,
and advance analytical equipment’s and laboratory for
carrying out cutting edge research in marine biology.

· Isolated a novel extracellular glutaminase-free L-
asparaginase producing marine actinobacteria,
Nocardiopsis alba and a lipopeptide surfactant
producing sponge associated Bacillus licheniformis
from the Andaman Sea. The surfactant
production was increased three fold over that of
the original strain by recombinant DNA
technology.

· Developed novel consortia of deep sea microbes
(Ruegeria sp., Oceanobacillus sp., Neisotobacter
sp., Photobacterium sp., Pseudoalteromonas sp.,
Ruegeria sp., Exiguobacterium sp. Enterobacter
sp., Haererehalobacter sp., and Acinetobacter sp.,)
for biodegradation of complex hydrocarbons.

· Developed and deployed 9m dia HDPE cages
with multipoint mooring in Olaikuda (Tamil
Nadu), Kothachathram (Andhra Pradesh) and
North Bay (Andaman Islands) and Successfully
demonstrated cage culture of marine finfishes
such as the Asian Seabass (Latescalcarifer), cobia
( R a c h y c e n t r o n c a n a d u m ) , P o m p a n o
(Trachinotusblochii), Milkfish (Chanoschanos),
Parrot fish (Scarusghobban) and the Giant
Travelly (Caranxigonobilis).

· The concept of nursery rearing of marine finfish
fingerlings in sea cages was introduced and
demonstrated with sea bass seeds of 6 g size with
up to 90 % survival and 24 g weight gain over a
period of 45 days.

· Developed and deployed 750 artificial reef
structures in three places namely Penthakata,
Chandrabhaga and Balinolcha along Orissa coast
for Department of Fisheries, Government of
Orissa.
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Water and Steam Chemistry Division, a constituent
laboratory of the Chemistry Group, Bhabha Atomic
Research Centre, Mumbai, was established in 1984 at
Kalpakkam to support the large and expanding nuclear
power program in the country. This research laboratory
has a mandate to support the nuclear power plants by
studying the different problems arising out of reaction of
high temperature water and cooling water with structural
materials in the reactor coolant systems of various types
of nuclear power reactors. The R&D activities of this
division are directed towards the following major
objectives:

Ø To reduce radioactivity build-up on reactor system
surfaces

Ø To improve integrity of the structural materials of
coolant systems

Ø To understand and mitigate the biofouling problems
in cooling water circuits

The division has a mix of researchers from different
disciplines such as chemistry, biology and engineering.
Currently, programs being pursued in chemistry include:

Ø Process development for reducing radiation field
(chemical decontamination process)

Ø Development of novel ion exchange resins for selective
removal of radioactive cobalt

Ø Development of coatings with nano-ferrites and
ZrO2

Ø Chemistry of gadolinium, a neutron poison, under
radiation

Ø Optimization of chemistry of Advanced Heavy Water
Reactors (AHWR)

Ø Flow Accelerated Corrosion of carbon steel

Ø Electrochemical studies to understand the corrosion
behavior of reactor structural materials

The major programs in biology include:

Ø Development of novel biofouling control methods

Ø Microbial corrosion and its prevention

Ø Development of antimicrobial and antibiofilm
materials/composites

Ø Development of biofilm-based bioremediation
technologies

Ø Environmental effects of thermal discharges into the
sea

The laboratory is equipped with state of art equipments
such as X-Ray Photoelectron spectrometer, Confocal
Raman Spectrometer, Inductively Coupled Plasma-
Atomic Emission Spectrometer, Atomic Absorption
Spectrometer, BET Surface area Analyzer, Mössbauer and
UV-Visible Spectrophotometer, Atomic Force
Microscope, Gamma Chamber, electrochemical
instruments, Confocal Laser Scanning Microscope, Gas
Chromatograph, HPLC, Epifluorescence microscope,
Musselmonitor etc.

The R&D activities of this division are aimed at improving
operational reliability and safety in water-cooled reactors
in India with ALARA (as low as reasonably achievable)
as the guiding principle. The Division operates several
engineering loops to simulate the pressure, temperature
and other operating conditions of the primary, secondary
and tertiary coolant circuits of nuclear power plants, to
carry out simulated experiments and demonstrate the
applicability of various control regimes to power reactors.

Water and Steam Chemistry Division (BARC)
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The activities of this section are focused on 1) fundamental
studies on biofilm development, 2) understanding and
control of biofouling and biocorrosion in power plant
cooling water systems, 3) development of novel
antimicrobial and antibiofilm methods for industrial and
biomedical applications, 4) development of biofilm based
bioremediation technologies and 5) understanding and
mitigation of environmental effects of thermal discharges
into the sea.

I. Bioremediation

The objective of the R&D activities in this programme is
to develop technologies that make use of biofilm-based
processes for treatment of wastes

Granular biofilm sequencing batch reactors (SBR) for

treatment of concentrated nitrate bearing effluents

High strength nitrate wastes are generated during different
stages of nuclear fuel cycle. These wastes need to be treated
before the effluents can be discharged to the environment.

Biological denitrification is an attractive option for
removal of nitrate containing wastes. Highly efficient
mixed microbial biomass in the form of granular biofilms
(self-immobilized microbial consortia), capable of
denitrifying high strength nitrate-bearing synthetic waste,
was developed using bench-scale SBRs. Complete and
stable denitrification of nitrate (up to 24,000 mg/L NO

3
)

has been achieved in 6-liter volume SBR using acetate as
electron donor. During long-term SBR operation, the
effluent levels of NO

3
-N and NO

2
-N (<10 mg/L)

remained well below discharge limits. Results demonstrate
that granular biofilm based SBRs can be used for efficient
denitrification of high strength nitrate-bearing wastewater.

Self-sustaining granular biomass for bioremediation

Microbial granules are highly promising biomass for
bioremediation because of their unique properties such
as high biomass retention, resilience to shock loading and
tolerance toxic substrates. But maintaining the granules
and using them for reductive remediation requires energy
input in terms of reduced carbon source, which adds to

Biofouling and Biofilm Processes Section

Fig. 1: a) Six litre SBR used for cultivating denitrifying

granular biofilms; b & c) morphology of granular biomass. Scale bar = 1 mm.

Fig. 2. Phototrophic microbial granules developed in laboratory bioreactors
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the cost. We have developed self-sustaining granules (SSG)
that can potentially circumvent this issue. The self-
sustaining granular biomass involves incorporation
photosynthetic elements such as microalgae and
cyanobacteria into granular biomass, such that they can
fix their own carbon and thereby provide energy for
sustaining the heterotrophic consortium. Furthermore,
incorporation of algae and cyanobacteria add to the
metabolic diversity of the granular biomass, thereby
enhancing the diversity of applications of microbial
granules.

Sulphate bioremediation using photosynthetic

bacterial consortium

Sulphuric acid is widely used in many metal mining
industries. Effluents with low pH and high sulphate
(15,000 ppm or more) concentration (known as Acid
Mine drainage, AMD) are to be treated before discharge
to the environment. Presently, a major part of the AMD
is treated chemically using soda lime and selective
precipitation of sulphate. A major drawback of the
chemical treatment process is generation of sludge, which
requires large space for storage. An alternative treatment
methodology is being developed using Sulfate Reducing
Bacteria (SRB). SRB activity can convert sulphate to
sulphide, resulting in its precipitation as metal sulphides.
As an innovative modification, we have incorporated green
sulphur bacteria (GSB) into the process. GSB is a group
of phototropic bacteria which convert sulphide to
elemental sulphur using sunlight to fix carbon dioxide
(non-oxygenic photosynthesis). In this modified process,

sulphate is reduced to sulphide by SRB and then the
contents enter into a second reactor where suphide is
oxidized to elemental sulfur by the GSB in presence of
light. The operation is carried out in a column-type
photobioreactor. The advantage of this process is complete
conversion of sulphate to elemental sulphur. More
recently, we have conceptualized a single reactor process,
where SRB and GSB will be grown as a consortium. In
this process, SRB will convert sulphate to sulphide; during
this process carbonate is generated as a byproduct. GSB
will utilize sulphide as the electron donor and carbonate
will be fixed as organic carbon using light. During this
conversion sulphide will be precipitated as elemental
sulphur, a commercially valuable product.

II. Novel Antifouling Techniques

The objective of this programme is to develop antifouling
technologies with minimal residual toxicity and low
environmental impact

Biocatalytic polymer coating for biofilm control

Implant related infections are considered serious
complications of surgery and are often very difficult to
manage. Medical implants (catheters, stents, intrauterine
devices, etc.) placed inside the human body provide ideal
surfaces for bacterial colonization and biofilm formation.
A biocatalytic polymer based antibacterial coating was
developed keeping in mind 1) controlled and sustained
delivery of antibiotic and 2) predicted lifetime of the
coating. The polymer was impregnated with a polymer
degrading enzyme and an antibiotic (Gentamicin, GS).
The composite was prepared by partitioning the enzyme
and antibiotic between water and organic phase, resulting
in a hydrophobic complex, which was soluble in the
polymer base. The action of the enzyme leads to controlled
degradation of the polymer, resulting in steady and
sustained release of the antibiotic. In vitro drug release

Fig. : Bioreactors showing the growth of SRB (left), mixed

growth of SRB plus GSB (middle) and  GSB (right). Provision of

red light enhances GSB growth.

Fig A. Part of a Foley catheter with and without polymer (lipase

gentamicin impregnated polymer, LGIP) coating. B.

Antibacterial action of LGIP against test isolates.
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studies demonstrated sustained release of GS from the
polymer coating throughout its lifetime. By modulating
the enzyme concentration in the coating, it was possible
to vary the lifetime of the coating from 33 h to 16 days.
The polymer exhibited antibacterial properties against E.
coli, Pseudomonas aeruginosa and Staphylococcus aureus.
Foley urinary catheters coated with the polymer exhibited
sustained in vitro release of GS. The results suggest that
the antibiotic-plus-enzyme-loaded polymer can be used
as tunable self-degrading antimicrobial coating on
catheters and other implant materials.

III Biofouling and Biocorrosion

The objective of this programme is to understand and solve
biofouling and biocorrosion problems faced by the utilities
in their cooling water systems

Biofouling in the cooling water systems of seawater-

cooled power plants

The status of biofouling in the CWS system power plants
is evaluated during maintenance shutdowns. The study
attempts to compare fouling loads observed during
consecutive surveys to understand the efficacy of
treatment strategies. Biofilm (slime) growth on condenser
tubes of power plants leads to significant decrease in heat
transfer efficiency. Studies are carried out using a dynamic
seawater flow-through facility (Biofouling Test Loop
Facility) created at Kalpakkam, to develop novel biocide
dosing regimens for condenser slime control. Efficacy of
continuous and intermittent dosing of advanced biocides
such as chlorine dioxide is investigated. It was observed
that chlorine dioxide dosing leads to substantially reduced

formation of trihalomethanes in the condenser effluents
reaching the sea, thereby reducing the environmental
footprint of the power plants. Larval forms of major
fouling organisms such as barnacles are reared in the
laboratory and used for studying the effects of varying
environmental conditions (biocide levels, substratum
characteristics, external electrical stimuli etc.) on
settlement and metamorphosis. A Mosselmonitor is used
to study the valve movement patterns of the green mussel
(Perna viridis) in response to chlorination, to devise low
level biocide dosing regimes.

Microbial corrosion

Significant corrosion losses in various industries worldwide
are attributed to microorganisms. Microbes generally
thrive in the conducive environment of cooling water

Fig . Cypris larvae of the fouling barnacle Balanus reticulatus

Fig . Microbial corrosion caused by iron oxidizing bacteria in the fire water system of a power plant
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systems. The microbes and their metabolic products can
deteriorate the materials used in the cooling circuit.
Heterogeneous colonization of microorganisms on metal
surfaces can generate corrosion potentials almost as large
as those generated between incompatible metals. As the
corrosion process advances, attached microbiota
propagates and infests the entire cooling system.
Commonly, five categories of corrosion causing bacteria
are recognized viz., iron oxidizing, sulphate reducing,
sulphur oxidizing, nitrate reducing and the exopolymer
(slime) producing bacteria. Sulphate reducing bacteria are
the single most common causative organism of corrosion,
constituting 50% of all instances of biocorrosion failures.
Current studies aim at characterization of the microbes
(attached and planktonic), their metabolites and corrosion
product profiles. Based on a thorough understanding of
these, control strategies are designed for prevention of
microbiologically induced corrosion (MIC) in cooling
water systems of power plants.

Microbial diversity in cooling water systems

Combination of classical culture-based and molecular-
based techniques is used to study the bacterial diversity in
the cooling water systems of power plants, giving special
emphasis to sulphate reducing bacteria (SRB). Microbial
whole genome extraction of the various water samples and
SRB diversity analysis using group-specific primers have
been done using nested PCR and DGGE. The nested
PCR approach used in this study was found to be suitable
for bacterial diversity analysis. In addition, microbiological
assay of water samples and carbon steel coupons exposed

online in the service water system of power reactors are
routinely carried out. Total aerobic heterotrophic bacteria,
iron oxidizing bacteria and sulphate reducing bacteria are
analysed before and after biocide treatment for monitoring
the efficacy of the treatment programme.

IV. Molecular Level Studies on Biofilms

The objective is to understand the molecular aspects
involved in the development of biofilms and to use that
knowledge to manage biofilms present in industrial and
environmental settings.

Molecular studies of biofilm associated protein (Bap)

in Staph. aureus

Biofilms are complex matrix-embedded microbial
communities growing attached to surfaces or at other
interfaces. Generally, the process of biofilm development
proceeds through a set of discreet stages. A mature biofilm
has a matrix consisting of polysaccharides, proteins and
extracellular DNA. Recent studies suggest that a group of
surface proteins plays a leading role during the
development of the microbial communities. The first
member of this group of proteins was described in a
Staphylococcus aureus and was named Bap, for biofilm-
associated protein. Bap is a large, multi-domain, cell
surface-anchored protein, playing a crucial role in the early
stages of biofilm development.

Work carried out in the last couple of years shows the
important role of biofilm-associated protein (Bap) in S.
aureus biofilm development. Work was started with the

Figure: Confocal study of proteinase K-mediated dispersal of S. aureus V329 biofilm
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in-silico analysis of protein that indicated the presence EF-
hand domain. It was found that Ca2+ modulates the S.
aureus biofilm architecture and topography in a dose-
dependent manner. To evaluate the putative Bap-mediated
cell to cell interaction, cloning of the full bap gene in E.
coli has been accomplished. Work was started with the in-
silico analysis of protein that indicated the presence EF-
hand domain. It was found that Ca2+ modulates the S.
aureus biofilm architecture and topography in a dose-
dependent manner. The dominant role of biofilm-
associated protein (Bap) in S. aureus biofilm development
prompted us to investigate Bap as a potential target for
proteinase-mediated biofilm dispersion. Use of proteinase
K resulted in the dispersal of S. aureus biofilm. This study
also established that antibiotics in combination with
proteinase K can be used for controlling S. aureus biofilms
in whose development Bap surface protein has a major
role. Bap protein could be a potential target for therapeutic
control of S. aureus infections.

Earlier studies showed that the presence of bap gene and
its homologues was restricted to bovine mastitis. Of late,
the presence of the bap gene has been reported in human
nosocomial infections. The biofilm mode life of S. aureus
enhances its recalcitrance and enables the bacterium to
survive antibiotic assault. This also imposes a challenge to
host defence mechanisms and antimicrobial therapy.
Biofilm dispersal is a natural process that allows bacterial
cells to leave biofilm and migrate to a more favourable
environment for resettlement. However, during this
transition phase, bacteria lose the advantages of the biofilm

Fig . Results of comet assay to study genotoxicity of antifouling biocides to the marine phytoplankter Chaetoceros

lorenzianus. Control (left) and treated (right) cells are shown.

mode of life and become relatively more susceptible to
antimicrobial agents.

V. Environmental Effects of Condenser Discharges

into the Sea

The objective is to understand and mitigate environmental
issues emanating from the discharge of heated effluents
from power plants into coastal marine environments

Entrainment effects on planktonic organisms

Power plants abstract large amounts of water for condenser
cooling. In direct, once-through systems, the water is
discharged back into the recipient water body after its use.
Phyto- and zooplankton entrained into the cooling water
circuits of coastal power plants are subjected to significant
changes in temperature, pressure and flow velocity.
Because of this, they may suffer damage, including
mortality. There is a need to quantify such losses and find
ways and means of reducing them. Earlier, the laboratory
has played a central role in coordinating a multi-
institutional project on thermal ecology studies at power
plant effluent sites. More recently, experiments are carried
out using a mesocosm facility to study the effects of short-
term changes in temperature and presence of antifouling
biocides on planktonic organisms. In addition, a new
research programme has been initiated to assess the
environmental effects of antifouling biocides released
through the condenser effluents on marine organisms
using biomarker approach.
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Preface 

lhis symposium is the 6th of the ISMC series of biennial symposia now completing a decade of its 
journey of hosting international symposia on materials chemistry. 1his symposium was renamed 
'Interdisciplinary Symposium on Materials Chemistry' (ISMq in 2012 from erstwhile 'International 
Symposium on Materials Chemistry' (ISMq each highlighting interdisciplinary nature of the 
symposia and were held in December 2006, 2008, 2010, 2012 and 2014. lhis series of symposia are 
jointly organized by Chemistry Division, BARC and Society for Materials Chemistry (SMq. 

The legacy and rich traditions of ISMC are reflected in the 6th Interdisciplinary Symposium on 
Materials Chemistry (ISMC-2016) being held during 6-10 December 2016. There is growing demand 
of new materials in different fields like nuclear industry, electronics, space programs, chemical 
industry and health sector, etc. The 6th ISMC will focus various areas of materials science such as 
nuclear materials, high purity materials, nanomaterials and clusters, carbon based materials, fuel 
cell materials, biomaterials, polymers and soft condensed matter, materials for energy conversion, 
thin film and surface chemistry, magnetic materials, catalysis, chemical sensors, organic and 
organometallic compounds, computational materials chemistry. The ISMC will provide a common 
platform to scientists to share their views and ideas and evolve new programs. There has been 
an overwhelming response for 6th ISMC from materials chemistry community from India and 
overseas. 

The Society for Materials Chemistry (SMC) was registered in 2007 with Chemistry Division, 
BARC as its head quarter. The SMC continues to grow in stature since its inception in 2007. The 
number of life-members has increased considerably from about 50 in 2007 to around 1000 now. 
Besides ISMCs, Society also organizes national workshops every odd year and special lectures by 
eminent scientists. Society also publishes three issues of SMC Bulletins per year and can be found 
on the website www.smc-india.org 

For an event of this kind, the Symposium Organizing Committee received help, support and 
encouragement from different quarters and we acknowledge all of them. We sincerely thank 
BARC authorities for giving consent to organize the 6th ISMC 2016, National Advisory Committee 
for valuable suggestions, Session chairpersons, invited speakers, reviewers for assessment of 
abstracts. We are grateful to all the convenors, co-convenors and members of the sub-committees 
of the 6th ISMC for their painstaking efforts. We acknowledge sustained support and cooperation 
extended by scientific technical/ non-technical staff of Chemistry Division in organizing the 6th 
ISMC-2016. We thank all the invited speakers, faculty members, research scholars and students 
for their participation in this Symposium. The Symposium Organizing Committee is grateful to 
Board of Research in Nuclear Sciences (BRNS) for financial assistance. We wish all the participants 
a very pleasant stay in Mumbai and scientifically rewarding experience. 
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Convenor 
Symposium Organizing Committee 





EDITORIAL 

It is indeed a great pleasure and satisfaction for the Editors to present the proceedings containing 
abstracts of the Invited talks, Short lectures and Contributory articles for the DAE-BRNS 
61hinterdisciplinary Symposium on Materials Chemistry (ISMC-2016). This biennial symposium 
has covered almost all the contemporary research areas of materials chemistry, such as, materials 
for eneregy conversion, biomaterials, carbon based materials, polymers and soft condensed matter, 
thin films and surface chemistry, organic and organometallics, magnetic materials, high purity 
materials and hybrid materials while topics like nuclear materials, nanomaterials and clusters, 
catalysis, chemical sensors, fuel cell materials and computational research in materials, remained 
an important fascet of the symposium. Several eminent scientists from India and abroad have 
accepted our invitation to share their proficiency with the participants of ISMC-2016. We thank 
all invited and short lecture speakers for timely submission of the abstracts. 

The overwhelming response towards contributory abstracts from various universities and research 
institutions throughout the country has been really heartening though it has made the reviewing 
process a bit more laborious. We place on record our sincere thanks to all the reviewers drawn 
from the scientific community in BARC for their dedicatd efforts in evaluating the large number 
of abstracts in timely manner. Total 370 abstracts were received and reviewed.After reviewing 
all the manuscripts 330 abstracts were accepted. Among accepted papers 272 abstracts from the 
registered participants is included in the abstract book and proceedings. The peer reviewed abstracts 
have been suitably organized under fifteen categories reflecting the depth and scope of respective 
research areas. During compilation of the proceedings, the editorial team took the liberty to edit 
some of the abstracts mainly to keep uniformity in the formatting. While doing so, utmost care 
was taken to retain all the scientific content intact as provided by the authors. 

We are extremely grateful to all the members of National Advisory Committee, ISMC-2016for their 
valuable guidance and support in formulating and shaping the conference. The guidance, support 
and encouragement received from Dr. B. N. Jagatap, Director, Chemistry Group and Chairman, 
Symposium Organizing Committee, ISMC-2016 and other members of Symposium Organizing 
Committee during the entire process of publication of this volume has been really gratifying and 
are sincerely acknowledged. 

The financial support from Board of Research in Nuclear Sciences (BRNS) has been instrumental 
in the publication of this volume and we gratefully acknowledge the same. 

Editors 
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Preface: 62nd DAE Solid State Physics Symposium

The 62nd DAE Solid State Physics Symposium was held in DAE Convention Centre
Anushaktinagar, Mumbai, India during December 26 – 30, 2017. The symposium is sponsored 
by the Board of Research in Nuclear Sciences (BRNS), Department of Atomic Energy (DAE) 
and organized by Bhabha Atomic Research Centre (BARC), Mumbai. It is held annually at 
different venues in the country with a broad aim to bring together researchers working in various 
aspects of Condensed Matter Physics. There were about 1000 registered participants coming 
from various Universities and institutes in India and abroad in this symposium. The technical 
session was divided into invited talks, contributory papers in the form of oral and poster 
presentations, presentations by Ph.D. thesis candidates and Young Achiever Award nominees.
We had received 1402 contributory papers from which 840 papers were chosen for presentation 
after a due review process by experts. In the concluding session 24 best poster awards, 3 Young 
Achiever Awards (YAA) and 3 best Ph.D. thesis awards were given.  

Two outstanding plenary talks were delivered on Organic-inorganic hybrid ferroelectric 
perovskite materials for photovoltaic applications: The role of the polar field and other related 
issues by Prof. D. D. Sarma, Indian Institute of Science, Bangalore, and Discovery of 
superconductivity of very pure single crystal of Bismuth by Prof. S. Ramakrishnan, Tata Institute 
of Fundamental Research, Mumbai. The evening talks were delivered by Prof. G. K. Dey,
Former Director, Material Group, BARC, Mumbai on Viewing biological and non-biological 
matter through the Transmission Electron Microscope and by Prof. S. P. Kale, Former Associate 
Director, Bioscience Group, BARC on Enviro - Economics of Our Life.  

In this symposium, 2 plenary talks, 49 invited talks, 24 oral presentations, and 800 posters
were presented. The topics covered in the symposium  were (a) Phase transitions (b) Soft 
Condensed Matter including Biological Systems (c) Nano-materials (d) Experimental 
Techniques and Devices (e) Glasses and Amorphous Systems (f) Surfaces, Interfaces and Thin 
Films (g) Electronic Structures and Phonons  (h) Single Crystals Growth and Characterization (I) 
Transport Properties (J) Semionductor Physics (K) Superconductivity, Magnetism and 
Spintronics (l) Energy Materials. There were 8 thematic seminars on (i) Energy Materials (ii) 
Superconductivity (iii) Applied Physics (iv) Nanomaterials (v) Condensed Matter-Theory (vi) 
Science using Neutron and Synchrotron facilities (vii) Functional / Nanomaterials (viii) Soft 
Condensed Matter.  

We thank the Chairman, Atomic Energy Commission, Director, Bhabha Atomic Research 
Centre, Mumbai, members of the Advisory Committee and the Organizing Committee of 62nd

DAE Solid State Physics Symposium for their valuable suggestions and guidance in the 
organization of the symposium. We thank Dr. Dibyendu Bhattacharyya, Chairman, Local 
Organizing Committee and its members for their untiring efforts in successfully organizing the 
event. We thank the manuscript reviewers, members of the YAA and Ph.D. thesis evaluation 
committee, Poster reviewers for giving their valuable time and effort in selection of the 
manuscripts and award winners under various categories.    

Surendra Singh, Arup Biswas, Amitabh Das
(Guest Editors) 

Bhabha Atomic Research Centre, Mumbai, India

DAE Solid State Physics Symposium 2017
AIP Conf. Proc. 1942, 010001-1–010001-1; https://doi.org/10.1063/1.5028578

Published by AIP Publishing. 978-0-7354-1634-5/$30.00
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Foreword 

It is a pleasure to welcome all the delegates to the 14th DAE-BRNS Biennial Trombay 

Symposium on Radiation & Photochemistry (TSRP-2018) being held during 3-7 Januaf) 2· 1" at 

DAE Convention Centre, Anushaktinagar, Mumbai. The first one of the series of TSRP was 

organized by the Indian Society for Radiation and Photochemical Sciences (ISRAPS) in 19Q~ 

with the prime objective of promoting the research and education in these two thrust areas. 

Since then, ISRAPS, in collaboration with Chemistry Group, Bhabha Atomic Research Centre 

{BAR C), Mumbai, has successfully organized thirteen such biennial meetings, which have 

always been fully funded by the Board of Research in Nuclear Sciences (BRNS), Department 

of Atomic Energy (DAE). The deliberations on the cutting edge research activities carried 

out in the radiation and photochemistry disciplines by eminent experts of the field have 

always attracted overwhelming participation from younger faculties and students, within 

the country and abroad. 

The aim of TSRP-2018 is to provide a common platform for discussions on the recent 

developments in the frontiers of radiation and photochemistry and allied fields. Over the 

years, these subject areas are becoming more and more interdisciplinary in nature, with 

applications in many areas having industrial and societal impact, such as, nuclear energy 

and waste management, radiation processing of food and industrial products, polymer 

design and processing, radio-protectors, solar energy conversions, optoelectronics, biology, 

medicine and atmospheric research. A glance through this book of abstracts will definitely 

justify the depth of the advanced research in the present time. The TSRP-2018 proceedings 

will consist of Plenary Lectures, Invited Talks and Poster Presentation by more than 250 

delegates. We are sure that the symposium will provide a stimulating environment for 

intense discussions and exchange of ideas among the researchers, for new collaborative and 

interdisciplinary research attempts on radiation and photochemistry. 

Sincere thanks to BRNS, DAE for generous financial support to the TSRP series of 

symposia, ISRAPS for its continued support as a co-organiser and to BARC for all the 

administrative supports. Once again we wish all the delegates a fruitful scientific endeavor 

and a comfortable stay. 

Trombay 
03 January, 2018 

v 

Organising Committee 
TSRP-2018 
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The Eighteenth International Conference on Radiation Effects in
Insulators (REI-18) was held during October 26–31, 2015 in Jaipur,
India. The conference was organized jointly by Inter-University
Accelerator Centre, New Delhi, Malviya National Institute of Tech-
nology, Jaipur, Vivekanand Global University, Jaipur in cooperation
with the International Atomic Energy Agency, IAEA, Vienna and
was supported by the Ion Beam Society of India.

The biennial REI conference has a long successful history and is
one of the most prominent conference series dedicated to research
on radiation effects in insulators and non-metallic materials. The
REI conference was held in India for the first time. Since its first
edition in 1981 in Arco, Italy, REI has been the international forum
to present and discuss the latest achievements in the field of mod-
ification of insulating materials through different kinds of radia-
tions (ions, electrons, photons, etc.). The last conference in the
series was held in Helsinki, Finland (2013).

We were pleased to welcome 194 participants from 20 different
countries. We received in total 269 abstracts. The scientific pro-
gramme included 14 invited talks and 39 selected oral presenta-
tions. The other papers were presented in two extended poster
sessions. As encouragement for young researchers, the best poster
and the best oral presentations from research scholars were
awarded prizes by the Ion Beam Society of India (IBSI).

For the conference proceedings, we received 75 manuscripts
and 51 of them were finally accepted for publication after referee-
ing. We would like to thank all the referees for their timely and
thorough work. We would also like to acknowledge continuous
support from Mrs. Kreeti Saravanan (Elsevier).

We greatly acknowledge the generous financial support of var-
ious agencies. In the frame work of the cooperation agreement, the
International Atomic Energy Agency, IAEA provided financial assis-
tance to some participants from member states under the IAEA’s
Technical Cooperation Programme. We would also like to thank
various sponsors such as Bruker, India, Gatan, Dreebit ion beam
Technology, Dresden, VT Vacuum Technology Pvt, Pfeiffer Vacuum
India Ltd, Labindia Pvt Ltd and Hind High Vacuum Pvt Ltd.

We highly appreciated the support by the members of the Inter-
national Committee in particular for their invaluable suggestions
regarding the selection of invited and oral speakers, recommend-
ing suitable scholars for the IBSI prizes and many other aspects
of the conference. We also take this opportunity to acknowledge
the active support of the members of the National Advisory Com-
mittee, Programme Committee, Local Organizing Committee, as
well as several other colleagues. Last but not the least, we would
like to thank all participants for making the conference such a suc-
cessful event.

The next conference, REI-19, will be organized by our French
colleagues G. Sattonnay, A. Gentils, L. Thomé, J-.P. Crocombette,
and N. Ollier and will take place in Versailles, France, July 2–7,
2017. We are looking forward to seeing you all there.
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The irradiation of solids with swift heavy ions leads to pronounced surface and bulk effects controlled by
the electronic energy loss of the projectiles. In contrast to the formation of ion tracks in bulk materials,
the concomitant emission of atoms from the surface is much less investigated. Sputtering experiments
with different ions (58Ni, 127I and 197Au) at energies around 1.2 MeV/u were performed on vitreous
SiO2 (a-SiO2) in order to quantify the emission rates and compare them with data for crystalline SiO2

quartz. Stoichiometry of the sputtering process was verified by monitoring the thickness decreases of
a thin SiO2 film deposited on a Si substrate. Angular distributions of the emitted atoms were measured
by collecting sputtered atoms on arc-shaped Cu catcher foils. Subsequent analysis of the number of Si
atoms deposited on the catcher foils was quantified by elastic recoil detection analysis providing differ-
ential as well as total sputtering yields. Compared to existing data for crystalline SiO2, the total sputtering
yields for vitreous SiO2 are by a factor of about five larger. Differences in the sputtering rate and track
formation characteristics between amorphous and crystalline SiO2 are discussed within the frame of
the inelastic thermal spike model.

� 2016 Elsevier B.V. All rights reserved.
1. Introduction

Vitreous silica (a-SiO2) is widely used in industrial applications,
e.g., as wave guide for light, for electronic devices in radiative
environment such as in nuclear power plants and satellites in
space. It is also the main component of glass material for
embedding nuclear waste [1]. Moreover amorphous silica serves
as a model system to better understand the response of glasses
to ionizing radiation [2–4]. Several studies concentrated on defect
creation and structural modifications in a-SiO2 induced by swift
heavy ions [5–10]. Structural modifications and track phenomena
by ion irradiations in a wide energy range from about 1 MeV up to
1 GeV are summarized in a recent review [11]. The irradiation
with swift heavy ions leads not only to track formation but also
to the emission of atoms from the surface [12]. Experimental
on-line observation of track formation in bulk material is
difficult due to the short time scales and nanometric volumes
involved. Sputtered atoms, however, can act as probes because
they are emitted within a time window of 10�13 to �3 � 10�11 s
even before the deposited energy is fully dissipated [13].
Sputtering experiments may thus provide information on a time
period when the atoms are still in motion. The objective of this
paper is

(i) to summarize previous sputtering results performed on
a-SiO2 [14–19] using ions in the electronic energy loss (Se)
regime below 15 keV/nm,

(ii) to perform electronic sputtering experiments in order to
extend existing data to larger energy loss values and use
the catcher technique to deduce the angular distribution of
the emitted Si atoms,

(iii) to repeat some experiments with Se < 15 keV/nm in order to
make a link with previous sputtering measurements,

(iv) to measure the thickness decrease of a-SiO2 target in order
to verify the stoichiometry of the particle emission [16,17],

(v) to determine the sticking coefficient of Si deposited on two
different catchers (Cu and Ge),

(vi) to model the sputtering yield using the inelastic thermal
spike and compare the results obtained earlier for crystalline
SiO2 quartz [20].

http://crossmark.crossref.org/dialog/?doi=10.1016/j.nimb.2016.03.023&domain=pdf
http://dx.doi.org/10.1016/j.nimb.2016.03.023
mailto:toulemonde@ganil.fr
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Fig. 1. Total sputtering rate of amorphous SiO2 as a function of electronic energy
loss of the bombarding ions as measured by Qiu et al. [14], Sudgen et al. [15],
Chaumont et al. [19], Matsunami et al. [16,17], Arnoldbik et al. [18] and for
crystalline SiO2 reported by Toulemonde et al. [20].
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2. Previous sputtering experiments of a-SiO2 irradiated by swift
heavy ions

Earlier sputtering experiments on a-SiO2 were performed with
ions of Se < 15 keV/nm [14–19]. The atomic species were collected
on a flat carbon catcher mounted above the a-SiO2 target
[14,16,17]. The ion beam incidence was normal to the surface
(i.e. the angle between beam and surface was a = 90�). The number
of collected Si atoms on the carbon catcher was measured by elas-
tic recoil detection analysis (ERDA) by Qiu et al. [14]. Matsunami
et al. analyzed the sputtered Si and O atoms by Rutherford
backscattering (RBS) [16,17]. Matsunami et al. [16,17] determined
the sticking coefficient of Si and O on a carbon catcher to be in the
order of 0.4. This information allowed them to deduce the total
sputtering rate, i.e., the number of sputtered particles per incoming
ion. They also verified that the particle emission is stoichiometric,
i.e., the number of collected O species on the catcher is two times
larger than number of collected Si species (see Table 1). Using RBS
analysis, Chaumont et al. determined sputtering yields by measur-
ing the thickness decreases of thin a-SiO2 films irradiated with C4

and C8 clusters of few MeV [19]. Sputtering was also quantified
via the decrease of the O content in thin a-SiO2 films by monitoring
either 18O [15] or 16O [18] during ERDA analysis. In contrast to all
other measurements, the latter experiment was performed under
grazing beam incidence (a between 7� and 25�). For this review,
we concentrate on sputtering experiments performed with ions
in equilibrium charge state (for ions of non-equilibrium charge
state the electronic energy loss is not well defined and cannot be
calculated by standard codes such as SRIM [21]). To compare the
sputtering results of irradiations performed under different angles
of beam incidence, the measured yields were normalized by apply-
ing a sine power law (sin a)�1.65±0.25 as deduced earlier by Assmann
et al. [12] based on a series of sputtering experiments under vari-
ous angles of beam incidence. To determine the sputtering rate for
normal beam incidence, we apply this power law to all results
obtained under non-perpendicular ion irradiation. The total sput-
tering yield is taken as the sum of the total number of sputtered
O and Si atoms. In cases when only the yield of Si or O could be
determined, stoichiometric sputtering is assumed. Thus the total
yield is provided by multiplying the measured Si yield by 3 or
the measured O yield by 1.5. The total yields of all considered ear-
lier sputtering experiments [14–19] are reported in Table 1 and in
Fig. 1. The yield data from the different experiments are in good
agreement. As expected, the total yield increases as a function of
electronic energy loss. Only the data point from the irradiation
Table 1
Resume of previous sputtering experiments of a-SiO2 with incident ions in equilibrium cha
according to SRIM-2010 [21], (d) angle of beam incidence with respect to the sample surface
total Si yield corrected for a = 90� by Ytot(90�) = Ytot(a) sin(a)-1.65, (h) total sputtering yield

a b c d e f

Ref. Ion Energy (MeV) Se (keV/nm) a Sputtered species Yto

deg

Quiu et al. [14] Cl 5 2.7 90 Si 1.7
Cl 20 4.3 90 O 2.9

Sugden et al. [15] Cl 30 4.2 20 O 56
Matsunami et al. [16,17] S 80 3.5 90 Si 3.2

O 6.5
Ar 60 4.7 90 Si + O 32
Ni 90 7.9 90 Si 38

O 82
Xe 100 12.7 90 Si + O 36
Xe 200 14.2 90 Si 13

O 28
Arnoldbik et al. [18] Cu 50 8 25 O 20
Chaumont et al. [19] C4 3 4.2 90 Si 15

C8 3.2 4.9 90 Si 22
with C8 clusters [19] is far out of the systematics. At present, the
origin of this large deviation is not clear. To confirm the huge dif-
ference in sputtering yields induced by different C cluster sizes of
similar energy loss of Se � 4.5 keV/nm, this experiment should be
crosschecked. In the following, we do not include this specific point
in our considerations.

Amorphous materials are known to be more sensitive [22] than
the same material in its crystalline phase [23]. Track radii in a-SiO2

[4,8] are larger than in crystalline SiO2 (c-SiO2) [24,25]. At a beam
energy of �1 MeV/u and an electronic energy loss of 15 keV/nm,
the track radius in a-SiO2 is equal to � 5.4 nm [4,8], which is by a
factor of 1.2 larger than in c-SiO2 [24] (corresponding to a damage
cross section larger by a factor of 1.5). The higher sensitivity of a-
SiO2 is also reflected by higher sputtering rates. At Se = 15 keV/
nm, e.g., the experimentally deduced total sputtering yield is
�690 for a-SiO2, whereas the yield extrapolated for the same Se
gives only �150 for c-SiO2 (Fig. 1) [20]. Sputtering of a-SiO2 seems
to be by almost a factor of 5 larger than in c-SiO2. Compared to the
difference in damage cross section, sputtering appears to be more
sensitive to the structure of SiO2.
rge state: (a) references, (b) incident ions and energy, (c) electronic energy loss of ions
, (e) analyzed sputtered species (f) measured sputtering yield of respective species, (g)
(Si + O) for a = 90� assuming stoichiometric emission of Si and O.

g h

t (a) of species (e) Corrected Ytot(a = 90�) for Si Integrated Ytot(a = 90�) for Si+O

± 0.2 No 5.1 ± 0.6
± 0.4 No 7.7 ± 1.0
± 5 9.5 ± 2.0 14 ± 3
± 1 No
± 2 No 9.7 ± 4
± 9 No 32 ± 9
± 7 No
± 20 No 120 ± 30
2 ± 75 No 362 ± 75
3 ± 25 No
4 ± 70 No 404 ± 100
0 ± 20 54 ± 12 80 ± 15
± 3 No 45 ± 9
5 ± 50 No 675 ± 150
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3. Electronic sputtering experiments

Sputtering experiments with ions in the electronic energy loss
regime were performed at the tandem accelerator in Munich using
Ni, I, and Au ions. Equilibrium charge state of the ions was reached
by inserting a 10 lg cm�2 thin carbon foil 10 cm in front of the
sputter target. The flux of the beam was monitored via current
measurements on the carbon foil, calibrated by a Faraday cup. As
target we used a 510 ± 25 nm thick layer of vitreous SiO2 thermally
grown on a silicon wafer. Fig. 2a shows the a-SiO2 sample fixed on
a plate and the catcher arc mounted across the target. The inner
side of the arc was covered with a thin high-purity Cu foil
(99.9%) serving as catcher and later removed for analysis of the
sputtered species. The set-up allowed us to measure angular distri-
butions covering angles 80� 6 h 6 -70� (h = 0� is normal to the sur-
face). In some experiments a small piece of Ge wafer as catcher was
mounted at the top of the arc (h = 0�). A scheme of the geometrical
conditions is presented in Fig. 3. The diameter of the ion beam was
2 mm, the angle of beam incidence was a = 19� with respect to the
sample surface (Fig. 3a). Under this condition, the beam size on the
sample is �2 � 6 mm2. The beam intensity was about 0.1 pnA cor-
responding to a flux of �6 � 109 ions/s/cm2. The accumulation of a
fluence of 1014 ions/cm2 required 5 h of irradiation. The experi-
mental conditions of the different irradiations are summarized in
Table 2. More experimental details are presented in earlier papers
[12,13,20]. Four irradiations were performed with Au ions in order
to verify the reproducibility of the sputtering experiments. For two
irradiations we used almost identical beam energies (190 and
197 MeV) and Cu foils as catchers (experiment 1 and 3 in Table 2).
One set of experiments was devoted to measure the thickness
decrease of the SiO2 target using Elastic Recoil Detection Analysis
(ERDA [26,27]) and simultaneously determine the number of Si
atoms collected on the Cu catcher and the sticking coefficient of
Si on Cu (experiment 2 and 3 in Table 2). In a third run, it was
tested if the number of collected particles depends on the catcher
Fig. 2. Target holder with a-SiO2 sample and arc-shaped catcher mounted across.
material. For this, flat catcher plates of Ge were mounted at h = 0�
(experiment 4 in Table 2) and compared to the rate measured at
h = 0� when using Cu catchers (experiment 1 and 3 in Table 2).
Experiments with light ions (I and Ni) were performed in order
to measure sputtering rates at lower Se values and verify published
sputtering results. These tests were performed by collecting Si on
flat Ge catchers mounted at h = 0� (experiment 5 and 6 in Table 2).
4. Sputtering yield: Catcher analysis and target erosion

The number of particles sputtered from the a-SiO2 target was
determined by analyzing the Cu and Ge catchers by means of ERDA
using 190 MeV Au ions under a = 19� of beam incidence. In order to
protect the atoms collected on the catcher from being sputtered off
by the analyzing beam, the catchers were covered by a thin layer of
pure copper. From a step by step analysis along the full length of
the arc catcher, the differential sputter yields (dY(h)/dh) were cor-
related to the sputtering angle h. The measured angular distribu-
tion of sputtered Si atoms is shown in Fig. 4a. Due to
omnipresent oxygen, it was not possible to determine the amount
of sputtered O atoms. The angular distributions of experiment 1
and 3 (Table 2) can be described by a fit using dY(h)/dh) = A (cosh)n.
Within experimental errors, we deduced a fit value of n � 1 indi-
cating isotropic emission of the Si atoms. The total sputtering rate
per incoming ion is obtained by integrating the angular distribu-
tion and assuming azimuthal emission symmetry yielding Ytot =
pA. The fit values of the intensity parameter A and Ytot are
reported in Table 2. Complementary to the catcher analysis, we
also tested the erosion of the bombarded sample by measuring
the amount of O and Si atoms/cm2 in the target by ERDA (experi-
ment 2). Initially, the total number of target atoms (Si + O at/
cm2) is equal to 3.5�1018 at/cm2 corresponding to a target thickness
of 540 nm. The decrease of O and Si atoms/cm2 versus the ion
fluence is shown in Fig. 4b. The slopes give the number of emitted
O and Si atoms per incident ion (Table 2). The ratio of the O to Si
yield is 2, confirming stoichiometric sputtering as reported by
Matsunami et al. [16,17]. Moreover, within the experimental
errors, the number of emitted Si from the erosion experiment is
in good agreement with the number of Si collected on the catcher
(experiment 1 and 3) and verifies a sticking coefficient of 1 for Si
atoms on Cu.

The sputtering yields at h = 0� resulting from the analysis of the
Cu and Ge catcher (experiment 3 and 4) agree well within experi-
mental errors confirming that the sputtering rate is independent of
the catcher material. This also supports that the sticking coefficient
of Si atoms on a Ge catcher is 1. Assuming an isotropic angular dis-
tribution of the emitted Si atoms as determined from experiments
1 and 3, the total sputtering yield is equal to pA (Table 2). For all
experiments with Ge catchers (experiments 4 to 6 in Table 2),
we can thus deduce the total yield directly from the differential
yield measured at h = 0�.



Table 2
Parameters and results for present sputtering experiments: (a) experiment number, (b) catcher material, (c) ion and energy of beams used for sputtering, (d) electronic energy loss
deduced from the SRIM-2010 code [21], (e) fluence, (f) sputtered species, (g) intensity coefficient A of angular distribution, (dY(h)/dh) = A cosh), (h) total yield Ytot = p � A of
sputtered Si or O atoms at angle of beam incidence a = 19�, (i) total yield of sputtered Si or O atoms corrected for a = 90� using Ytot(90�) = Ytot(a) sin(a)�1.65, (j) total yield of all
sputtered atoms for a = 90�, either 3 times the Si yield (catcher analysis) or the sum of Si and O atoms (target erosion).

a b c d e f g h i j

Experiment
number

Catcher Ion Energy Se Fluence Sputtered
species

A
(±20%)

Ytot at a = 19�
(±20%)

Corrected Ytot(a = 90�)
(±30%)

Integrated Ytot(a = 90�)
for Si + O (±30%)

MeV keV/nm ions/cm2

1 Cu Au 190 17.1 9 � 1013 Si 910 2860 475 1425
2 erosion Au 190 17.1 9 � 1013 Si 2660* 440

O 5310* 880 1320**

3 Cu Au 197 17.4 1 � 1014 Si 710 2230 370 1110
4 Ge Au 210 17.7 1 � 1014 Si 780 2450 410 1230
5 Ge I 148 14.8 Si 335 1050 175 525
6 Ge Ni 69 7.5 2 � 1014 Si 90 280 45 135

* Extracted from target erosion data.
** Sum of Si and O atoms deduced from target erosion.
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Fig. 5 reports total sputtering yields deduced from our experi-
ments together with previous results as a function of energy loss
[14–19]. The data are in good agreement following a Se power
law with an exponent of about 3 (compare with Fig. 1). Further-
more, our new results show that the sputtering yield of a-SiO2 is
nearly 5 times larger than the yield of c-SiO2 at an energy loss of
17.5 keV/nm. This confirms the higher sensitivity of amorphous sil-
ica compared to crystalline quartz as already seen in Fig. 1.
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Fig. 5. Total sputtering rate as a function of energy loss of the bombarding ions,
including data of amorphous SiO2 by Qiu et al. [14], Sudgen et al. [15], Matsunami
et al. [16,17], Arnoldbik et al. [18] (open black symbols), and results of present
experiment (red squares). (For interpretation of the references to colour in this
figure legend, the reader is referred to the web version of this article.)
5. Tentative description with the inelastic thermal spike model

In order to perform quantitative calculations of sputtering
yields, the inelastic thermal spike model, originally developed for
tracks in bulk material, was modified by incorporating the rate of
vaporization [20]. The projectile energy is first given to the target
electrons and subsequently transferred to the lattice atoms via
electron–electron and electron–phonon interaction. The two cou-
pled differential equations governing the heat diffusion in the elec-
tron and atom subsystems are solved numerically in cylindrical
geometry. The thermodynamical parameters of the electron and
atom subsystems were defined previously [8]. The initial condition
of the calculations is 300 K equal to the temperature of the sample
during the irradiation. At this temperature, the internal energy is
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0.03 eV/at, as deduced from the integration of the lattice specific
heat from 0 to 300 K. For the model calculation, typically a cylinder
radius of �200 nm is considered which is sufficiently large to avoid
size effects. The initial energy on the electrons corresponds to the
electronic energy loss Se and its radial distribution follows approx-
imatively a (1/r)2 function [28]. This radial energy deposition on
the electrons is defined by a mean cylinder radius, re, in which
66% of Se is radially deposited. With increasing specific energy of
the ion beam re becomes larger. Our model calculations were per-
formed for 0.2 and 5 MeV/u ions, where re is 1.5 and 6 nm, respec-
tively [29]. The only free parameter of the calculation is the
coupling constant between the electron and atom subsystems,
defined as the electron–phonon mean free path k [30,31]. k charac-
terizes the radial expansion of the initial energy before its transfer
to the atoms. It is linked to the electron–phonon coupling g by the
relation k2 = DeCe/g, where De and Ce, the electronic thermal diffu-
sivity and the electronic specific heat respectively, are constant as
defined in [29,30]. The cylinder radius in which the energy is
deposited to the atoms is a quadratic convolution of re and k, i.e.,
equal to the square root of the sum of re2 and k2.

For inorganic insulators the value of the electron–phonon mean
free path k ranges between 2.5 nm [7] and 5 nm [30] correspond-
ing to an electron–phonon mean free time between 3 � 10�14

and 10�13 s. For a temperature spike of 1000 K this corresponds
to a rapid heating rate of the lattice atoms of about 1016 K s�1. At
such a heating rate the melting temperature (Tm) measured at
equilibrium is not an adequate material parameter. Rethfeld
et al. [32] calculated that the nucleation of a molten phase requires
a temperature that is by a factor about 1.3 larger than Tm, if the
heating rate is in the order of 1015 K s�1. Experimentally this phe-
nomenon was observed in fs-laser experiments irradiating GaAs.
Melting in this short time window requires much higher tempera-
tures than the equilibrium melting temperature. This is not the
case when a ps laser is used for which the increase in temperature
stops at Tm [33]. Motivated by these results, our i-TS calculations
were performed within a superheating scenario [20] assuming that
the temperature increase does not stop at the melting and vapor-
ization temperature. It is assumed that ion tracks form during a
rapid quench of a melt phase created along the ion path. The
energy Em to melt amorphous silicon is the sum of the energy to
reach the melting temperature from 0 K plus the latent heat of
fusion. For amorphous materials, Em is estimated to be 15–20% less
than the same material in its crystalline phase [34,35]. For crys-
talline SiO2, Em is equal to 0.5 eV/at. In our calculations we thus
use Em = 0.43 eV/at for amorphous SiO2. Based on this value, a
superheating melting temperature Tsm = 2100 K [5] is determined
using
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CaðTÞdT

where Ca(T) is the temperature dependent specific heat of the
atomic lattice in J g�1 K�1.

Fig. 6a shows an example of the evolution of the lattice temper-
ature Ta(t,r) around the projectile trajectory as a function of time (t)
and space (r) for ions of 1 MeV/u energy, Se = 15 keV/nm, and
k = 2.5 nm. Since temperature is not a good parameter on such
short time scales, we converted the temperature into the corre-
sponding energy per atom Ea(r,t) (Fig. 6) using the following
relation

Eaðr; tÞ ¼ 2:3� 10�3 �
Z Taðr;tÞ

0
CaðTÞdT

Applying the melting criteria (horizontal line in Fig. 6a), a track
size of 5.5 nm is deduced in excellent agreement with experimen-
tal results [5].

For a-SiO2, two k values, 2.5 nm [7] and 3 nm [8] nm, were
determined by fitting the track radii in an energy regime around
5 MeV/u. Taking the advantage of new track size measurements
at low velocity (�0.2 MeV/u, re = 1.5 nm) [10], new fit of track radii
were performed and k = 2.5 nm seems to be a better value for the
electron phononmean free path than 3 nm for all track radii result-
ing from an irradiation with a beam energy of 0.2 MeV/u (Fig. 7a).
The calculated change of the track size (Fig. 7a) for a beam energy
of 5 MeV/u is negligible due to the large value of re (6 nm) as com-
pared to k. So k = 2.5 nm will be used to calculate the sputtering
rate in a-SiO2.

In contrast to track formation being related to melting, the cri-
terion for sputtering of surface atoms is the sublimation energy.
For a-SiO2, the required energy is thus the energy to reach the melt
phase (0.43 eV/at), plus the energy to reach the boiling tempera-
ture Tb = 3223 K (equal to Ca(Tb � Tm), with Ca = �1.3 J g�1 K�1

[36] being the specific heat of a-SiO2), plus the latent heat of vapor-
ization equal to 4715 J g�1. The calculated sublimation energy is
equal to 1.83 eV/at slightly smaller than the 1.9 eV/at for c-SiO2.
Once the energy Ta(t,r) in the atomic system is known, the total
sputtering yield Ytot is determined by integrating the evaporation
rate U(Ta(t,r)) over time and space. The temperature dependence
of U is given in Refs. [13,20]:

UðTaðr; tÞÞ ¼ N

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
kbTðr; tÞ
2pM

r
exp

�U
kbTðr; tÞ

� �
ð1Þ

where kb is the Boltzmann constant and N denotes the atomic den-
sity and M the molecular mass of the target. The surface binding
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energy U is set equal to the vaporization energy. The sputtering rate
is very sensitive to the time during which the deposited energy is
dissipated. The cooling is determined by the thermal conductivity
Ka of the atoms. For temperatures from 300 K to the boiling temper-
ature, the thermal conductivity of a-SiO2 is assumed to be constant
and equal to Ka = 0.01 Js�1 g�1 K�1 till the boiling temperature.
Above the boiling temperature, Ka was estimated using the descrip-
tion made by Sigmund and Claussen [37] for the elastic collision
spike. For c-SiO2, the thermal conductivity was defined by Meftah
et al. [24], varying like 14/T0.9 from room temperature till the super
heating temperature of melting equal to 2150 K when it reaches a
value of 0.01 J s�1 g�1 K�1. For larger temperatures Ka was esti-
mated as for a-SiO2. The total sputtering yield is obtained by
numerically integrating the temperature dependent evaporation
rate over time and space. Fig. 6c reports an example of the time evo-
lution of the sputtering yield for 1-nmwide radial intervals. The cal-
culated total yield as a function of energy loss is presented in Fig. 7b
together with experimental data. The sputtering yield calculations
are rather sensitive to the electron–phonon mean free path k. Yields
calculated using k = 3 nm are nearly by a factor of two smaller than
calculations with k = 2.5 (Fig. 7b). Overall, the calculated sputtering
yields are smaller than the experimental data for a-SiO2 as well as
for c-SiO2 (Fig. 7b and Ref. [10]). The underestimation of the sput-
tering yield in both materials may be due to overestimated thermal
conductivities at high temperatures (lower thermal conductivity
leads to an increase of the sputtering yield). However, our i-TS
model calculations nicely reproduce the large difference in sputter-
ing yields between crystalline and amorphous silica.
6. Conclusions

The catcher technique was applied to measure angular distribu-
tions and total yields of electronic sputtering of amorphous SiO2.
Sputtering with swift heavy ions leads to large sputtering yields
up to 103 atoms and more per incoming projectile. Measurements
with Cu and Ge as catcher material provide the same yields. The
sticking coefficient is close to unity and the sputtering process fol-
lows the stoichiometry of the target. Our experiments using heavy
ions (Ni, I, and Au ions of electronic energy loss between 7 and
18 keV/nm) are in good agreement with earlier sputtering mea-
surements with light ions (C up to Xe ions of electronic energy loss
between 3 and 15 keV/nm). The angular distribution of the sput-
tered particles is isotropic with the differential sputtering yield
dY(h)/dh) � cosh. The total sputtering yield increases with elec-
tronic energy loss following a power law of Ytot � (Se)3. The sput-
tering rate of amorphous SiO2 is almost 5 times larger than for
crystalline SiO2 confirming that the amorphous phase is more sen-
sitive than the crystalline phase. This effect is related to stronger
electron–phonon coupling in amorphous materials [38] resulting
in higher spike temperatures and consequently larger sputtering
rates than in crystalline materials.

Calculations based on the inelastic thermal spike provide a good
description of the evolution of the sputtering rate as a function of
the energy loss of the ions. For the electron–phonon mean free
path the calculations used the respective k values that were
deduced by fitting the size of tracks in a-SiO2 and c-SiO2. However
for both materials, the absolute value of the calculated sputtering
rate is smaller compared to the experiments. The reason for this
underestimation is probably due to an incorrect thermal conduc-
tivity of the lattice atoms which is not known at high
temperatures.
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Abstract:  

Dismantling and decommissioning of a nuclear facility often involves cutting and drilling of thick concrete 

structures. Long pulse Nd:YAG lasers with high peak powers have the unique ability to drill through concrete. In 

this paper, we have investigated laser drilling of concrete using an optical fiber-coupled pulsed Nd:YAG laser 

providing 1 kW average power and 20 kW peak power. High-density concrete cuboids like Hematite and natural 

stones were used to study the effect of laser pulse duration and repetition rate on drilling of concrete. We have 

drilled holes of up to 3 mm diameter and up to 75 mm depth in Hematite reinforced concrete and natural stones 

occurring in earth crust. A laser-drilling nozzle with coaxial gas jet was developed for concrete drilling. We have 

found that this laser technique is highly localized, environmental friendly, well controlled as well as time saving as 

compared to other conventional drilling methods.  

 

Introduction:   

Laser cutting and drilling has been reported as a well-established and very specific technique for 

dismantling and decommissioning work in nuclear facilities. It involves melting and evaporation of the material. 

High power lasers were found highly effective in drilling and cutting of rocks, stones, and high density concrete
1-5

. 

Crouse et al.
1
, have demonstrated 500 mm thick concrete cutting by multi-pass technique with 1 kW CO2 laser. 

Yoshizawa et al.
2
 have reported the deepest cutting through reinforced concrete up to180 mm, using a 15 kW CO2 

laser at cutting speed of 25 mm/s. Rao et al.
3
, have performed concrete scabbling up to 150 mm thickness with 5 kW 

CO2 laser.  Muto et al.
4
 have demonstrated slab concrete cutting of 100 mm thickness with a 4 kW fiber laser at 

1070 nm. Drilling in hard concrete by any conventional mechanical method is difficult and requires a lot of 

resources even for small penetration depths. Lenk et al.
5
 have cut up to 70 mm depth with 3 kW CW Nd:YAG laser. 

In all these reports, either they have performed laser scabbling or used a multi-pass technique with vacuum suction 

due to formation of viscous dross  to cut up to 500 mm thick concrete. Laser beam with a suction mechanism for the 

efficient removal of material always interacts with a newly cleaned surface during the process. During the drilling of 

holes in concrete, pulsed lasers have advantage over CW lasers due to its high peak powers and small pulse 

durations along with its lower cost. With pulsed lasers, energy is deposited in the material for a short duration of the 

order of a few milliseconds and within this short duration, heat diffusion is limited. Moreover, with pulsed lasers, 

the laser process parameters such as pulse duration, repetition rate, and pulse energy can be controlled to drill holes 

of required depth precisely. In this paper, we have performed laser drilling in Hematite reinforced concrete and 

natural stones up to 75 mm depth using compressed gas as an assist gas with no vacuum suction system by a in-

house developed 1 kW average power fiber coupled pulsed Nd:YAG laser . 

Admin
Highlight
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Fig. 1. A schematic view of experimental set up for laser drilling of concrete and stones. 

Experimental Details:  

Laser drilling experiments have been performed on Hematite concrete samples (rock mixed, density 2300 

kg/m
3
) and stone samples (aluminium oxide mixed, density 2360 kg/m

3
). A home-built flash-lamp pumped pulsed 

Nd:YAG laser of 1kW average power and 20kW peak power has been used for drilling holes in the samples. Laser 

beam was delivered through a 30 m long, 600 µm core diameter, and 0.22 numerical aperture step index silica-silica 

optical fiber. As the laser output from the optical fiber is diverging with the numerical aperture of 0.22, a laser 

nozzle with coaxial gas flow arrangement was attached at the output end of the optical fiber to focus  the laser beam. 

Two laser nozzles have been used to drill holes of different diameters and depths. One laser nozzle consists of a 

collimating lens of 75 mm focal length and a focusing lens of 200 mm focal length, which provides focusing spot 

diameter of 1.6 mm at the laser nozzle tip. The other laser nozzle consists of a collimating lens of 75 mm focal 

length and a focusing lens of 300 mm focal length, which provides focusing spot diameter of 2.4 mm at the laser 

nozzle tip. Stand-off distance between laser nozzles and the samples was kept constant equal to 3 mm, which 

provides the space for removal of burnt particles and debris to come out.  During the laser beam and material 

interaction, particles and debris were ejected out at a high velocity away from the concrete surface towards the 

processing optics. These particles may damage the lenses used in the drilling nozzle. To remove debris, compressed 

air at 10 kg/cm
2
 of pressure was used. Experiments were performed to observe the effect of pulse duration, 

repetition rates and flash lamp current on concrete drilling. A schematic view of the experimental set-up for concrete 

drilling is as shown in Fig.1.  

 

 

 

      At the exit fiber end, the diameter of the focused spot (S) can be calculated using fiber core diameter Dcore and 

the ratio of the focal length of the two lenses, which is known as imaging ratio and is given as  

    
2 1( / ). coreS f f D=             (1) 

where, f1 is the focal length of collimating lens and f2 is the focal length of the focusing lens. The depth of focus for 

the laser beam exit from the fiber end and imaged by a  dual lens imaging system with imaging ratio of (f2/f1) can be 

written as   

            2
2 1. . . ( / ) .( / )coreD O F f f D NA= ±                 (2)                          
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Fig. 2. A view of laser drilling of Hematite reinforced 

concrete. 

here, NA is the numerical aperture of the fiber having a value of 0.22. It is clear from Eq. (2) that for drilling in thick 

concrete, a large depth of focus and subsequently a high imaging ratio of the lenses are required.                           

 

Results and discussion: 

A view of pulsed Nd:YAG laser drilling experiment with laser nozzle having 1:4 imaging ratio is as shown 

in Fig. 2. Drilling of holes up to 75 mm deep and 3mm in diameter in Hematite reinforced concrete and natural 

stones samples were carried out using 1 kW average power and 20 kW peak power pulsed Nd:YAG laser with 600 

µm core diameter fiber optic beam delivery. Drilling of holes in Hematite and natural stones with pulsed laser did 

not require any vacuum suction system. Thus, without any mechanical cleaning requirement, these holes were 

drilled in these concrete samples. For drilling of holes of 40 mm deep with 2 mm diameter in Hematite concrete and 

natural stones samples, we have used laser nozzle having imaging ratio of 1: 2.7 and optimized laser parameters 

were pulse duration of 2 ms, repetition rate of 20 Hz and pulse current of 240 Amp. Drilling operation took 1.5 

minutes to drill 40 mm deep holes in Hematite and natural stones. For drilling of holes of 75 mm deep with 3 mm 

diameter in Hematite concrete and natural stones samples, we have used laser nozzle having imaging ratio of 1: 4 

and optimized laser parameters were pulse duration of 3 ms, repetition rate of 15 Hz and current of 240 Amp. In this 

case, drilling operation took 4 minutes to drill 75 mm deep holes in Hematite and natural stones. Further, increase in 

pulse duration and time could not increase the depth of drilling in these concretes due to diffusion of heat in concrete 

samples. This may be due limited depth of focus and ineffective removal of material from large depths. Table-1 

shows values of laser parameters and drilling parameters of Hematite and natural stone samples.  

 

 

 

 

 

 

 

 

 

  

 

 

Figure 3(a), (b) & (c) show a view of laser drilled holes in Hematite reinforced concrete and natural stone samples. 

In Hematite reinforced concrete, one can see the change in diameters along depth. At the front, middle and end of 

the hole, the measured hole diameters are about 3 mm, 2 mm and 3.8 mm, respectively. Depth and diameter of 

drilled holes at a particular set of parameters were found to be similar in both the concrete samples. Further efforts to 

increase depth of drilling by means of increase in depth of focus and assist gas pressure along with study of effect of 

different gases in drilling process is under progress. 

Sr. No. Parameter Value 

1. Pulse duration 2-6 ms 

2. Current 200-300 Amp 

3. Rep. rate 9-26 Hz 

4. Depth 40-75 mm 

5. Hole diameter 2 mm, 3 mm 

6. Imaging ratio 1: 2.7, 1: 4 

7. Time taken to drill  1.5-4 min. 

Table-1: Laser and drilled hole parameters. 
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Fig. 3. (a) Front view of 75 mm drilled hole in Hematite concrete, (b) Side view of 75 mm drilled hole in 

Hematite concrete, (c)  Side view of 40 mm drilled hole in natural stone. 

 

 

     

 

 

 

 

 

 

 

Conclusion:  

In conclusion, we have carried out laser drilling in Hematite reinforced concrete and natural stones up to 75 

mm deep using a fiber coupled 1 kW average power pulsed Nd:YAG laser with laser nozzle having 1:4 imaging 

ratio. Effect of laser pulse duration and repetition rate on concrete drilling using were also studied. Experimental 

results showed that fiber coupled pulsed Nd:YAG laser can be used as a potential replacement for conventional 

drilling tools as it does not require any vacuum suction system or any mechanical cleaning. Further studies are in 

progress to achieve further depth of drilling. This method of concrete drilling will be useful in dismantling work of 

nuclear facilities as well as for civil and architecture works.  
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Abstract:  

For the performance enhancement of beam monitoring system of Indus-2, upgraded beam position 

indicators (BPI) are required, which are non-destructive components for measurement of beam position in Indus-2 

accelerator. For this purpose, a study on ultra high vacuum compatible laser welding of button electrodes in 

upgraded beam position indicator (BPI) was carried out. An in-house developed 250W average power fiber-coupled 

Nd:YAG laser has been utilized for successful vacuum grade leak tight laser welding of SMA feedthroughs with 

vacuum chamber of BPIs. Laser pulse energy, pulse duration, peak power density, inert gas purging, and spot 

overlap was optimized to achieve good quality leak tight welding. 

 

Introduction: 

Beam position indicators (BPI) are non-destructive components for measurement of beam position in 

Indus-2 accelerator. For the performance enhancement of beam monitoring system of Indus-2, it is required to 

upgrade BPIs. There are four number of electrode subassemblies in each of the upgraded BPI. Initially, laser welded 

joints were destructively tested for strength and leak tightness before final welding on prototype BPIs. Laser welding 

was carried out at two locations in each of the electrode subassembly as given below:  

Location (1): Welding of button electrode (SS316L) at the end of central conductor (SS330) of SMA feedthrough.  

Location (2): Welding of SMA feedthrough body (SS316L) on the vacuum chamber (SS316L) of upgraded BPI. 

As it was difficult to use conventional welding techniques such as tungsten inert gas (TIG) welding for this 

particular development of upgraded BPIs due to inaccessibility of TIG welding at location (1) and possible failure of 

brazing joints inside the SMA feedthrough due to larger heat affected zone and higher temperature at location (2), 

laser welding was selected as an option. Conventional welding methods (plasma, arc welding, gas welding and 

MIG-TIG) lead to large heat affected zone and distortions. Advantages of Nd:YAG laser welding include flexible 

beam delivery through optical fiber, low heat affected zone (HAZ), low thermal distortions, no need of filler 

material, and non-contact nature. Laser welding is normally performed in argon atmosphere to minimize oxidation 

of the weld pool. As laser energy can be concentrated in a small area and laser pulse has a short duration, there is 

minimum heat-affected zone (HAZ) surrounding the weld bead. Although there are a few reports on pulsed 

Nd:YAG laser welding of SS304 material
1,2

, however, there is hardly any report on laser welding of SS316L.  

Welding of SS316L is susceptible to crack formation due to sudden cooling at the end of pulse, so a careful control 

Admin
Highlight
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on heating and cooling cycle along with gas purging flow rate is required to avoid crack in weld bead and hence to 

achieve vacuum grade leak tight laser welding. In this paper, we have optimized welding parameters and analyzed 

the welded samples to achieve vacuum compatible leak tight weld joints with narrow HAZ and smooth weld bead.  

 

Experimental details: 

An in-house developed fiber coupled Nd:YAG laser providing 250 W of maximum average power has been utilized 

in the experiments. Laser pulse duration can be varied in the range of 2-20 ms and pulse frequency in the range of 1-

100 Hz. Output pulse shape has a rectangular profile and laser beam was delivered through a 400 µm core diameter 

and 0.22 numerical aperture (NA) optical fiber.  SMA feedthrough and flange had a lip of 400 µm each, so the laser 

beam was focused using 1:1.5 imaging optics to have a focus spot diameter of 600 µm, so that it joins the lip of both 

the pieces and does not affect the body of SMA feedthrough and flange.  It has a diameter of 16 mm. The focusing 

nozzle has a coaxial gas jet of argon with a constant flow rate of ~ 3 lpm to protect the weld bead from oxidation 

and also to protect focusing lens from the weld plume as well as from possible spatter through the weld zone. In 

order to qualify Nd:YAG laser welding at location (1) i.e., welding of the button electrode (SS316L) at the end of 

central conductor (SS330) of SMA feedthrough and at location (2) i.e., welding of SMA feedthrough body (SS316L) 

with the vacuum chamber (SS316L) of upgraded BPI before final laser welding of upgraded BPIs, few samples of 

electrode subassembly have been tested. Button electrode had a thickness of 6 mm. Access to welding location was 

only through a small hole of about 2 mm diameter and at a depth of about 5 mm. Welding of button electrode at the 

end of central conductor of SMA feedthrough was carried out by focusing the laser beam at the weld location and 

position the beam precisely at the weld location. It was spot welded by two successive laser pulses of 20 J pulse 

energy and 10 ms pulse duration with sufficient argon gas purging to avoid oxidation of weld joint. A few samples 

of electrode subassembly were welded as shown in fig. 1. Fig. 2 shows broken samples by universal testing machine 

UTM. During the test of laser welded joints of central conductor at location (1), load at the yield point was found to 

be 150 N, which is better than the calculated ideal minimum load of 133 N. After testing of strength of weld joint 

with UTM, all the electrodes of SMA feedthrough were welded with argon purging before its welding at location 

(2).  

                               
 
 Fig. 1: A schematic of SMA feedthrough along 

with laser welding locations ‘1’ and ‘2’. 

Fig. 2: Laser welded samples of 

location (1) broken by UTM. 

Location 1 for Nd:YAG 

laser welding 
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Experimental setup for laser welding is shown in Fig. 3. Focusing nozzle was mounted on a CNC table, 

which allows proper positioning of laser beam focus on the butt joint of two pieces. SMA feedthrough was mounted 

on a motorized rotary chuck and its speed of rotation was controlled by a stepper motor driver. It was found that spot 

overlapping, pulse energy, position of beam incidence, and gas flow rate along with pulse duration are critical 

parameters to achieve good quality weld with minimum HAZ. Initially, pulse energy and pulse duration were 

optimized to have a weld depth of 0.5 mm without ablation on the surface. Further, speed of rotation and pulse 

frequency were also optimized with pulse overlapping of 80% to have a smooth weld bead. 

                                
 

 

 
 

Further, lip joint welding of SMA feedthrough with SS flange was carried out by first tagging at three 

points on the circumference at ~ 120° apart with a pulse energy of 12 J at 10 ms pulse duration and then welding 

continuous along the circumference was carried out over the lip. After welding, helium leak test of the sample SMA 

feedthrough was carried out with optimized Nd:YAG laser parameters as shown in fig.3 and found satisfactory with 

a helium leak rate of less than 2x10
-10 

mbar.litre/s at ambient temperature. Depth of penetration of laser welded joint 

was found to be ~ 0.5 mm, when it was cut by EDM wire. Depth of penetration was measured by polishing and 

etching the cut sample as shown in fig.4. Fig. 5(a) and (b) show the laser welded samples with single and double 

SMA feedthroughs on one flange. About 80% of the samples were found to have leak tightness of ~ 2x10
-10 

mbar.litre/s. Few samples were leaked due to offset of laser beam on lip centre of the weld. 

 

        
 
 

Fig. 3: Nd:YAG laser welding of sample SMA 

feedthrough for optimization of laser 

parameters. 

Fig.4:Etched sample of laser weld joint. 

Fig. 5: (a) Nd:YAG laser welded sample of single SMA feedthrough, and (b) double SMA feedthroughs 

on one flange with optimized laser parameters. 

(a) (b) 
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Results and discussion: Optimized laser parameters for good quality leak tight welding were pulse energy of 12 J 

with 10 ms of pulse duration and 2 Hz of repetition rate. The welded samples were tested using helium leak detector 

to ensure leak tightness for vacuum applications. The helium leak rate of weld joints was found to be 2x10
-10 

mbar.litre/sec. On microscopic analysis, it was also found that the weld beads obtained with 10ms pulse duration 

met the criteria of good surface appearance without porosity. The HAZ is parallel to the melt zone and had a very 

small width ranging from 0.05 to 0.1 mm, which is very less as compared to conventional arc welding processes. 

Width of the weld bead was 0.8 mm with weld penetration depth of 0.5 mm. No porosity and cracks were present. 

Heating and cooling cycle was controlled by profiling of pulse shape in time domain. Cooling was made slower by 

ramping the pulse energy slowly in a single pulse and keeping the pulse frequency low (2 Hz only) to avoid fast 

heating of the sample. When the pulse energy was increased beyond 12 J with 10 ms of pulse duration, surface 

ablation starts to appear. Similarly, when the pulse frequency was increased with same pulse energy and duration, 

heating of SMA feedthrough becomes higher. When the gas flow rate is higher than 20 lpm, it also results in crack 

formation on the surface. When higher gas flow rate was used, crack formation seems to be due to fast cooling by 

higher gas flow rate and solidification cracking on the surface. After qualification of the samples, four SMA 

feedthroughs were welded on each of the prototype BPIs. Fig. 5 shows a batch of five such laser welded BPIs each 

of them having four laser welded SMA feedthroughs with two feedthroughs on each side. These BPIs were tested 

and successfully qualified in laboratory tests. 

 
 

 

Conclusion: In conclusion, ultra high vacuum compatible laser welding of button electrode (SS316L) at the end of 

central conductor of SMA feedthrough and SS316L SMA feedthrough on vacuum chamber of BPI was carried out 

successfully using fiber coupled pulsed Nd:YAG laser for accelerator applications. Effect of laser process 

parameters such as laser pulse energy, pulse duration, gas flow rate, and spot overlapping on the weld bead 

geometry was studied. Required weld depth with good surface appearance and leak tightness was achieved. This 

development on laser welding of SS316L will also be useful in other fabrication processes related to accelerator.  
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Fig. 5: A batch of 5 No. of laser welded SMA feedthrough BPIs after laboratory qualification. 
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Introduction: 

The optical response of material in picoseconds and subpicosecond time scales can be studied using 

ultrafast pump-probe techniques. Such ultrafast spectroscopic measurements are essential for understanding and 

designing materials useful for several optoelectronic applications. In semiconductor multilayered structures, 

femtosecond laser induced transient reflectivity is a very effective technique to study the carrier dynamics as the 

substrate opacity at the working wavelength does not impose any constraints on the measurements. Femtosecond 

laser pulses are generated by mode-locking, the mechanism which favors the formation of a short optical signal 

with higher peak power in the cavity.1 It is well known that the spectral width of the laser pulse increases as its 

time duration shortens. Thus a 100 fs pulse in the visible-NIR spectral region has a spectral width of few 

nanometers.2 Due to such a large spectral width and short time duration, the femtosecond laser is very sensitive 

to environmental changes. Also because of the way the mode-locking process takes place, the various parameters 

of the laser pulse like power, pulse width, spectral width etc have a nonlinear functional relation with each other 

and normalization with respect to any parameter is not appropriate. A set of a time resolved pump-probe 

experiments typically takes a few hours to complete. For reliable conclusions to be drawn from the data it is 

essential to check that all laser parameters remain stable during the course of the experiment. This can be done 

best by measuring and logging the relevant laser parameters concurrently with the experiment.  

In this paper we describe the development of a multi-parameter logger and its use in ultrafast spectroscopy 

experiments. A small part of the laser beam is split off and sent into a specially designed beam monitoring 

optical setup. This measures several beam parameters like laser power, beam profile at near and far field and 

position in transverse directions, spectral width, peak wavelength, and temporal profile using using calibrated 

photo detectors, CCD cameras, spectrometer and autocorrelator. A integrated Labview program has been 

developed for the measurement, monitoring and logging of the laser beam parameters at a user-defined rate. This 

beam monitoring system was integrated in a transient reflectivity experiment. Measurements were done by 

varying one laser parameter in a controlled manner to illustrate the need for multi-parameter monitoring. 

 Experimental Details: 

A detailed diagram of the optical bench setup assembled for the measurement of beam parameters is shown 

in the Figure 1. A wedge is introduced into the laser beam path near the laser system. Each surface of the wedge 

reflects nearly 4 % of the laser beam. The transmitted beam (~92% ) is used for the experiments. The two 

reflected beams are used for the beam parameter measurements. One beam is split further into several parts and 

used for power measurement by a calibrated photodiode, spot size and position measurement with two CCD 

cameras , and spectral width and peak measurement by a spectrograph. The second beam is sent into an 

autocorrelator for the pulse width measurement. The output signals of the calibrated photo detector and the 



autocorrelator are connected to different channels of the breakout box of a DAQ 6110 card. In the same way the 

beam profile measurement is done by a CCD camera which is connected to an IMAQ 1410 card. The 

spectrograph is connected to the PC though a USB port. Both the inputs to the PC are controlled by a “master 

software” designed in Labview.  

Fig.1: Detailed diagram for the laser beam 

monitoring system. 

Fig 2: Image of the front panel of the laser 

monitoring program. 

The front panel as displayed on the computer monitor is shown in the Figure 2. The center panel has the 

laser status indicator, the power output in mW and the menus for user defined file storage locations etc. The 

button in the center is the laser On/Off status indicator, green and red blinking for ‘ON’ and constant grey for 

‘OFF’. The ON/OFF status is decided by the photodiode signal crossing a threshold which can be set by the user. 

Thus a color change of the button during the experiment immediately warns the user of low power and the 

experiment can be paused. The two panels on each side display the beam spatial profiles at two locations and and 

spectral and temporal profiles. Along with the spatial profile images, their respective spot sizes and spot position 

in both X and Y directions are calculated and displayed. Similarly the estimated spectral width and peak 

wavelength is displayed below the spectrum,and the estimated pulse width below the auto correlation trace. Thus 

this front panel displays graphical, image and numerical data, all of which are stored which has several 

advantages. For example, if the laser pulse temporal profile gets distorted by a small satellite pulse, the FWHM 

measurement may remain the same but the transient reflectivity data would show an anomalous behavior as 

compared to that obtained with a pulse with smooth profile. If the spectral profile record is not available , there is 

a likelihood of the anomalous behavior being spuriously attributed to some physical process. However with a 

full parameter log available, the chances of this kind of mistake reduce significantly. 

 

 

Fig 3: Schematic of the pump-probe transient 

reflectivity setup. 

Fig 4: Transient reflectivity curves at different 

Millenia laser powers. 

A detailed diagram of a pump probe reflectivity setup is shown in Fig. 3. Femtosecond laser pulses a 



Ti:Sapphire (Tsunami) operating at 82 MHz having pulse width ~100 fs is used for this measurement [1]. The 

wavelength of the laser can be tuned in the range of 750 nm to 850 nm. The output of the laser beam is divided 

into pump and probe by means of beam splitter BS1 in 5:1 ratio. The pump beam is modulated by a mechanical 

chopper at 3 KHz. In the path of probe beam a half wave plate is used to rotate its polarization by 900 with 

respect to that of pump. The pump beam (which excites carriers in sample) and probe (which detects changes in 

sample) are spatially overlapped on the sample using a single lens. The reflected probe from the sample is 

detected using photodetector. The output of the detector is connected to a lock-in amplifier which determines the 

magnitude and phase of the voltage signal at the modulation frequency of the chopper. The optical path length of 

the probe is changed by the variable delay stage for the measurement of the TR at different pump-probe delays. 

  

Fig 5: Variation of Peak change in reflectance (Open 

squares) and femtosecond laser power (dots) as a 

function of Millennia power. Dashed and dotted lines 

are the linear fit to respective data. 

 

 Fig.6: Variation of spectral width (Open squares) 

and TR decay time (dots) as a function of Millennia 

power. 

Results and Discussions: 

To demonstrate the essential need and utility of the beam monitoring system, transient reflectivity 

experiments were performed on a bulk GaAs sample with simultaneous monitoring of the laser parameters. 

GaAs is a well-studied material so it was used as a standard sample. One laser parameter was changed in a 

controlled way and the effect on the transient reflectivity data was studied. In the first study the power of the 

pump laser (Millenia) for the Ti:Sapphire femtosecond laser was varied from 3.9 W to 4.75 W in steps of 0.05 

W. The mode-locking remained stable in this pump power range. Figure 4 shows the normalized transient 

reflectivity signal (R/R) at various Millenia powers. A plot of the peak signal change with Millenia power (Fig. 

5) clearly showed that although the variation is broadly linear, there are jumps at certain power values. To 

understand this behavior the other logged parameters were also checked. The variation of laser power output, 

laser pulse width, laser spectral width and beam pointing stability was checked from the logged data. It was 

found that as the pump power was changed the laser output power increased linearly (Fig. 5). This linear 

increase in the laser power should have increased the transient signal linearly. However, the parameters like the 

spectral width () varies with the Millenia power in a discontinuous manner (for example see Fig.6). The effect 

of such changes in the  on the TR decay time (Fig 6) and magnitude is very complex to understand. Thus, 

even though the sample response is linear in this regime of pump power, the transient reflectivity measurements 

do not follow it.  Nevertheless the measured changes in the  clearly shows that both magnitude and decay time 

cannot be a direct function of only pump laser power. This, however, is not due to any new physical 

phenomenon taking place in the sample but just the result of a change in laser beam characteristics. This is a 



crucial result. It points to the pitfalls which one can encounter while trying to compare data at different powers 

by simple normalization. The laser beam monitoring system prevents such mistakes as the stability of all 

parameters can be ensured before comparing two data sets. 

The second study was done by performing the transient reflectivity experiments at different laser 

wavelengths from 775 nm to 825 nm in steps of 5 nm. During this measurement the pump laser (Millenia) power 

was kept the constant and laser power was not optimized. As wavelength increases the peak change in TR also 

increases as expected for a GaAs sample. However, there are fluctuations in this which can again be clearly 

correlated to the laser power recorded by the program during the measurements (Fig.7).   

  

Fig 6: Transient reflectivity measured from bulk 

GaAs at five different wavelengths. These 

wavelengths are shown in the legend. 

Fig.7: Variation of spectral width (Open squares) 

and TR decay time (dots) as a function of 

Millennia power. 

 

Conclusion: 

We have shown how the variation in the femtosecond laser parameters can affect the accuracy of 

transient reflectivity measurements. To avoid this a multi-parameter laser beam monitoring system has been 

designed and developed. It consists of an optical setup which requires only ~8% of the laser power. A Labview 

program has been developed to measure, estimate and log several parameters. The reliability of the program and 

the measuring system has been checked by performing transient reflectivity measurements on a GaAs sample.  
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Abstract: 

Here, we report on in-situ laser cutting of 18 mm thick triangular yoke fixing blocks made of SS410 using fiber 

coupled pulsed Nd:YAG laser in RAPS-3 reactor. It includes development of a miniature laser cutting fixture with 

precise movement in an arc, CCD camera viewing system, and optimization of laser process parameters for multi-pass 

laser grooving up to a depth of 18 mm without damaging the yoke. This fixture holds the fiber-optic cutting nozzle 

and can be fixed on triangular block just by tightening of a single allen key screw from a distance of about 1.5 m. This 

laser based cutting technique has enormously reduced radiation dose consumption and time. In the absence of this 

technique, 15 coolant channels which does not have creep provision would have been quarantined, resulted in a power 

loss of ∼75 MU/year. 

 

Introduction 

In pressurized heavy water reactor at RAPS#3, the triangular shaped fixing blocks encompass the yoke-stud, in place 

of rectangular fixing blocks which does not encompass the yoke-stud. Due to presence of this triangular block on 

floating end of the channel, creep margin of that channel reduces by 18 mm. During biennial shutdown of this reactor, 

creep measurement of all the coolant channels are carried out. Some of the coolant channels, which have triangular 

blocks in shock absorber assembly have reached their extreme limit of creep margin on shock absorbing yoke stud. 

There is no margin left beyond thermal expansion for creep adjustment in these coolant channels.   If creep provision 

is not available, there may be extreme axial load on pressure tubes due to restriction in thermal expansion leading to 

more sag. It ultimately reduces the operating life of the coolant channel. There are two options envisaged to create 

space to accommodate axial creep. First is to replace triangular blocks with rectangular blocks and second is to cut 

the upper portion of triangular blocks which hinders the nut for movement without damaging the yoke thus increase 

the creep provision by 18 mm. First option was tried but due to space restrictions and radiation dose, it is very almost 

impossible to replace triangular blocks with rectangular blocks. In view of space, second option of cutting seems to 

be only feasible option. The cutting of triangular blocks by conventional mechanical methods was attempted by using 

a remotely operable cutting system. Mechanical cutting trials using saw cutter of these blocks were attempted but 

found extremely difficult due to requirement of compactness of cutting assembly and increased hardness of these 

blocks. In few coolant channels, orientation of feeder coupling of adjacent channel is also at the front of the shock 

absorber stud and end fixing block, so insertion of mechanical cutting tool was not feasible to cut. Thus, a novel 

approach for cutting of these blocks based on laser cutting technology was conceptualized. Since triangular fixing 

Admin
Highlight

Admin
Highlight



  NLS-25, KIIT, Bhubaneswar, Dec-16 

 

2 

 

blocks and yokes are fixed together, it is not possible to cut through the block as no space is available for removal of 

debris from the back surface of the block. Thus, it was required to remove the material up to a depth of 18 mm by 

laser grooving process at an angle.  There is hardly any report in literature on laser grooving of SS up to a depth of 18 

mm by laser cutting process. In this paper, we report on the development of controlled depth laser grooving process 

and its in-situ deployment in nuclear power plant. In our earlier report, we had shown laser cutting feasibility study 

and mock-trials of laser cutting of triangular blocks1. Now, laser cutting technology has been implemented in-situ at 

RAPS-3 site.  In the absence of this technique, 15 coolant channels would have been quarantined, which could have 

resulted in a power loss of ∼75 MU/year. 

 

Description of laser cutting system: 

The laser cutting system consists of fiber coupled pulsed Nd:YAG laser and a fixture to hold laser cutting nozzle. The 

laser system provides a maximum average output power of 250 W, 100 J of pulse energy, 2-20 ms pulse duration and 

1-100 Hz repetition rate. Laser output has been efficiently delivered through a 100 meter long, 400 µm core diameter 

and 0.22 numerical aperture silica-silica optical fiber with 90% transmission efficiency. This laser system has been 

equipped with four time shared fiber ports for cutting at different locations. The laser beam diverges at the exit fiber 

end, which was then collimated and focused using 12.7 mm diameter collimating and focusing lenses having focal 

lengths of 12.7 mm and 40 mm, respectively, providing an imaging ratio of 3.15 and a focused spot size of 1.26 mm. 

Large focus spot diameter of 1.26 mm using an imaging ratio of 1:3.15 was selected to enhance depth of focus to 18 

mm, so that full depth cutting of 18 mm thick triangular block can be achieved. The laser cutting nozzle was compact 

and its overall diameter of the nozzle was 20 mm and total length was 120 mm. The gas at high pressure is also fed 

through this nozzle in the cut location for removal of the molten material. Due to restricted space around the block, 

linear motion of laser cutting nozzle was not feasible. In view of this, laser cutting nozzle rotates along the triangular 

fixing block in arc shape in the narrow available space taking reference of the yoke stud. Movement of laser cutting 

nozzle was carried out using a DC micro-motor and its motion was restricted up to the ends of triangular block by 

using limit switches. A DC motor controller for motion of tool, which also shows position of nozzle on triangular 

block was developed and utilized. For fixing of tool, initially a cam type fixing arrangement was designed for mock-

up trials in our laboratory. However, due to variation in size of triangular blocks and asymmetric size on both the sides 

of yoke stud, cam type fixing arrangement was found to be inappropriate. The cam type fixing arrangement for tool 

was modified to link type tool fixing arrangement, so that it can even work on slightly different size of triangular 

blocks. A miniature CCD camera based on-line viewing and its easy locking arrangement was also made for remote 

monitoring of in-situ laser cutting process. As triangular block is fixed with yoke assembly, it is not possible to cut 

through and through.  Thus, laser cutting nozzle was mounted at an angle of 15° with respect to the normal to the 

triangular block for multi-pass grooving, so that material can be removed at an angle. In the first few passes, laser 

energy was kept low at 5 J along with low speed, so that a clean groove of about 3 mm depth can be achieved. For 

further increase in depth, energy was enhanced up to 71 J. Oxygen and compressed air were used as assist gases. For 

controlled depth grooving up to full depth of 18 mm and 1 mm thick washer without damaging yoke assembly was 

very critical and it was required to critically optimize process parameters. Initially, O2 was used as assist gas for easy 
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removal of material due to oxidation, which forms less sticky debris and energy was slowly increased so that material 

can be melt at corresponding depths. During final passes, compressed air was used as assist gas, so that better control 

on depth can be achieved when it is close to yoke assembly as no exothermic reaction takes place.  A total of about 

26 laser passes were required with variable pulse energy, gas used, and required gas pressure as given in Table 1. 

 

Sr. No. Cutting parameter Pulse energy No. of passes Gas and 

pressure 

Cutting speed 

1. 200 A, 2ms, 6 Hz 5.7 J 2 O2, 7 bar 20 mm/min. 

2. 300 A, 3 ms, 6 Hz 18 J 2 O2, 7 bar 25 mm/min. 

3. 300 A, 6 ms, 3 Hz 35 J 4 O2, 7 bar 25 mm/min. 

4. 300 A, 10 ms, 3 Hz 59 J 4 O2, 10 bar 25 mm/min. 

5. 300 A, 12 ms, 3 Hz 71 J 4 O2, 10 bar 25 mm/min. 

6. 300 A, 3 ms, 15 Hz 19 J 4 Air, 6.5 bar 25 mm/min. 

7. 300 A, 10 ms, 3 Hz 59 J 4 Air, 6.5 bar 25 mm/min. 

8. 300 A, 12 ms, 3 Hz 71 J 2 Air, 6.5 bar 25 mm/min. 

 

The total cutting time for a triangular fixing blocks was ~40 minutes with a cut kerf width of 1.5 mm.  During initial 

cutting passes of low energy, pulse duration was kept low, whereas during passes at Sr, Nos. 4, 5, 7 and 8 with high 

energy, it was required to increase pulse duration to achieve required pulse energy. However, with increase in pulse 

duration, heat affected zone and surface roughness were found to slightly increase in comparison with that at low 

pulse duration. While cutting in-situ, copper sheets were placed just above the triangular fixing block so that laser 

beam is blocked from reaching on feeder pipes. Fig. 1(a) and (b) show the laser cutting fixture mounted on triangular 

block and triangular block of yoke assembly with laser cut sections.  Figure 2 shows laser cut section of triangular 

blocks of coolant channel. 

 

 

   

                                  

 

 

 

 

 

Table 1: Laser cutting parameters. 

Fig. 1: (a) Laser cutting fixture mounted on triangular block and (b) triangular block of yoke assembly along 

with its cut sections. 
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Conclusion: 

In conclusion, we have developed and successfully deployed laser based grooving process for in-situ cutting of 

triangular blocks of yoke assembly in RAPS-3 reactor. A total of thirty triangular blocks of fifteen coolant channels 

were cut during two campaigns at RAPS-3 reactor for enhancement of creep margin by 19 mm and thereby enhancing 

operating life of these coolant channels. It includes development of a miniature laser cutting fixture and optimization 

of laser process parameters for laser grooving to cut up to a depth of 18 mm without damaging the yoke. Laser based 

cutting technique was deployed with minimum MANREM consumption and time. This laser cutting technology has 

been implemented in-situ at RAPS-3 site.  In the absence of this technique, 15 coolant channels would have been 

quarantined, which could have resulted in a power loss of ∼75 MU/year.  
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Fig. 2: Laser cut section of triangular blocks of coolant channels. 
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Abstract 

We report the energetic 8 MeV electron beam induced modification on linear and nonlinear optical process in Mn 

doped ZnO (MZO) thin films at different irradiation dosage. The modifications incorporated on third order nonlinear 

optical absorption were studied using Z-Scan technique in both continuous and pulsed laser regime. Open aperture 

Z-scan measurement indicates that  pristine and film treated at 15 kGy electron beam dosages reveals reverse 

saturable absorption (RSA) mechanism and films treated at 5 kGy, 10 kGy and 20 kGy exhibits saturable absorption 

(SA) phenomena. The irradiation resulted in a high βeff value of 12.1 ×10-2 cm/W in continuous wave excitation and 

5.6×10-4 cm/W for pulsed excitation as compared pristine films. Gaussian deconvolution fitting on room temperature 

PL spectra shows a quenching of defect centers upon electron beam irradiation. The observed decrement in PL 

emission intensity for the films treated with energetic electron beam can be probably due to recombination of defect 

centers and enhanced non radiative defects. The decrease in the energy band gap and increase in the urbach energy 

of the MZO thin films was observed due to creation of deep energy levels into the band gap. The irradiation 

treatment resulted in significant changes on the crucial parameters of optical sensing such as limiting threshold and 

optical clamping. The present study indicates that nonlinear parameters of MZO thin films can be tuned by choosing 

appropriate electron beam dosage for photonics applications.  

Keywords: E-beam irradiation, MZO nanostructures, Z-scan, Optical limiting 

1. Introduction 

 The advent of photonics based devices in to modern technology has paved the way for the search of novel 

optical materials with enhanced optoelectronic performance in order to meet the present demand. [1]. With the wide-

ranging use of high end laser sources in various applications, an ample concern is presently being focused towards 

the exploration for novel nonlinear optical materials for optical power filtering which are used to protect human eyes 

and  solid state optical sensors from powerful laser beams. The optical limiting mechanism has arised from intensity 

dependent nonlinear-optical processes in materials [2]. Material bottleneck for an ideal optical limiter is problem 

facing by scientific communities. Many organic materials like dyes, polymers and pthalocyanines etc. are 

investigated widely for the optical limiting properties. Inorganic materials like semiconductor thin films has gained 

wide attention in recent times due to its various unique properties and advantages when compared to organic 

materials. Among the widely investigated semiconductor thin films the ZnO belonging to II-VI group with energy 
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3. Result and discussion 

3.1 Linear Optical properties 

Fig 2 shows the absorbance spectra of MZO thin films irradiated at different dosages. The process of grain 

aggregation mechanism observed in the irradiated films give rise to island of grains which enhances optical 

scattering loss of light. This loss of light tentatively results in the decrease of photon transmission which further 

results in the increased absorption behavior upon electron beam irradiation.[8]. There is also a spectral red shift in 

the absorption edge which arised as a result of the inclusion of non-radiative and radiative defect centers in the 

nanostructures upon irradiation treatment. The shift in the absorption edge also indicates the variation in energy 

band gap which further elaborated using Tauc relation.  

The extrapolation of straight line portion to energy axis will give you the band gap energy of the investigated film as 

shown in fig 3 [11]. The irradiation via electron beam resulted in a marginal decrement of energy band gap ranging 

from 3.27 eV to 3.21 eV. This observed variation in the band gap can be accounted on the inception of various 

structural, native and non-radiative defects centers in the nanostructures. These defects further resulted in the 

formation deep energy levels in the forbidden gap known as the band tailing [12]. The phenomena can be calculated 

by evaluating urbach energy values of pristine and irradiated MZO nanostructures. The empirical rule of Urbach 

energy calculations are given by the exponential equations 		ߙ = ߙ	݈݊ (௛஥ா௨ )     (1)	exp	݋ߙ = ݋ߙ݈݊ + ௛஥ா௨     (2) 

In which EU is termed as urbach energy or band tail width of the investigated films. The slope of the straight line 

shown in fig 4 gives the urbach energy values 

 

 

 
       Fig. 2. UV-Vis Absorption spectra of irradiated MZO thin films. 
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             Fig (3) Tauc plot of pristine and Irradiated MZO thin films  

                     

Fig 4 ln α vs Photon energy plot of pristine and irradiated MZO thin films from which urbach energy is obtained 

 

Table 1. Energy band gap and Urbach energy of MZO thin fil 

 

 

 

No Dosage (kGy) Band gap(eV) Urbach energy(eV) 

1 0 3.27 0.05 

2 5 3.25 0.15 

3 10 3.24 0.16 

4 15 3.22 0.22 

5 20 3.21 0.20 
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absorption in semiconductors like ZnO can be due to various phenomenas such as two photon absorption, 

excited state absorption or free carrier absorption. In MZO nanostructures a combined effect of RSA and 

induced scattering that adds upon to the observed optical limiting mechanism. These property enables the 

successful shielding of sensitive optical components, including the human eye from laser-induced damage [22, 

23] The limiting mechanism of MZO samples irradiated at 5, 10 and 20 kGy which shows a saturable 

absorption mechanism can be attributed nonlinear refraction and induced scattering effects[2]. Fig 8 shows the 

optical limiting behavior of MZO thin films irradiated at different dosages. The optical limiting threshold and 

optical clamping of the samples are found out and tabulated in Table 3. It is evident from the result that tuning 

of optical limiting properties can be possible upon controlled electron beam irradiation treatment  

 

 

Table 3 Optical limiting Properties at different irradiation dosages 

 

                                         

 

 

  

 

     Fig 8. Variations in optical limiting behavior of MZO thin films at different dosages. 

 

4. Conclusions 

The effect of electron beam irradition on nonlinear optical properties of Mn doped ZnO thin films were studied. The 

exposure to electron beam at different doses ranging from 0kGy to 20 kGy results in the decrease of band gap and 

increase in the urbach energy of MZO thin films.The electron beam treatment results in recombination of native 

defects which further results in the reduction of PL emission centers. The open aperture z-scan trace were obtained 

for both continuous and pulsed laser regime. The irradiated films shows higher βeff value compared pristine film. 

The 20 kGy treated MZO nanostructure shows lowest limiting threshold value of 4.30 mW compared to others films 

which indicates the role of radiation treatment in modulating the optical limiting behavior of semiconductor 

nanostructures  

 

Dosages(kGy) Limiting Threshold 

(mW) 

Optical Clamping 

(mW) 

0 7.73  

5 6.23  

10 5.11  

15 4.80 8.50 

20 4.30  
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Abstract. Unstable collisional MicroTearing Mode (MTMs) have been found in

experiments of high-β Spherical Tokamaks and are believed to be driven by drift

resonance of trapped electrons. It has been recently shown that at large aspect ratio,

the magnetic drift resonance of highly passing electrons is a minimal mechanism to

drive the collisionless MTM unstable. In this work, a preliminary study of inclusion

of trapped electrons in large aspect ratio tokamaks indicate that for the reference

parameters investigated, the collisionless MTM retain their essential mode structures,

while growth rates are only moderately affected.

1. Introduction

Microtearing modes (MTMs) are low frequency, high-n electromagnetic microinstabili-

ties in Tokamak plasmas. The mode draws free energy from the electron temperature

gradient and is excited above a threshold gradient. Thus, if found unstable, it is en-

visaged to open up an important channel of electron transport. These modes exhibit

tearing parity, i.e. odd parity in electrostatic potential and even parity in parallel mag-

netic vector potential and rotate in the electron diamagnetic direction. Early analytical

work predicted these modes to be unstable only in collisional plasmas [1, 2, 3]. Recent

gyrokinetic simulations have found unstable collisional MTMs in various magnetic con-

finement configurations such as spherical tokamaks with very high β values in collisional

or semi-collisional regime [4, 5, 6, 7, 8], standard tokamaks, such as ASDEX-Upgrade

[9, 10], and weakly collisional Reversed Field Pinch plasmas [11, 12]. These linear

gyrokinetic simulations, using a local flux-tube implementation, have thrown light on

several characteristics of the mode, typically for high β and relatively moderate elec-

tron temperature gradient length scales. The connection to experimentally observed
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Abstract 

Activated carbon is the most potential candidate for the sorption of various gases including hydrogen and helium. Because of its 
large internal surface area greater than 1000 m2/gm, activated carbons in different forms are widely used in many industries like 
gas and liquid purification, fuel storage and chemisorption. Recent progress of vacuum and cryogenic technologies leads to the 
wide application of activated carbons in sorption cryopumps. Cryopump is defined as a kind of entrapment vacuum pump which 
captures the gas by surfaces cooled to temperatures below 120 K and hence after a certain operational time there is a need of 
regeneration. To define the regeneration scheme of the newly developed sorbents thermo-gravimetric analysis were carried out to 
study their thermal behavior. Based on the thermal behavior and the regeneration gas loads the required regeneration temperature 
needs to be fixed. Hence a system is established and experiments were carried out to know the thermal behavior of different 
forms of activated carbons.  Before performing thermal degassing the sample chamber with activated carbon samples are also 
evacuated to a pressure less than 10-3 mbar for the natural desorption to take place. Studies were carried out for knitted fabric, 
granular and spherical charcoal samples. It was observed that evacuation increases desorption by 1.5 to 2 times. From the thermal 
studies it was estimated that after heating till 1000C followed by continuous evacuation 80-95% of gases are removed from the 
sorbent. Therefore degassing or regeneration above 1000C will not be much effective for regeneration. 
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New� approach� to� ECE� measurements� based� on� Hilbert�transform�
spectral�analysis�

Hitesh Kumar B. Pandya1 and Yuriy Divin2   
 
1ITER-India, Institute for Plasma Research, Gandhinagar-380025, India;  hitesh@ipr.res.in 
2Peter Grünberg Institute, Forschungszentrum Jülich, 52425 Jülich, Germany ; Y.Divin@fz-juelich.de 

Abstract. Spectroscopy of Electron Cyclotron Emission (ECE) has been established as 
adequate diagnostic technique for fusion research machines.  Among various   instruments 
for ECE diagnostics, only Fourier-transform spectrometers with Martin-Puplett 
interferometers can measure electron cyclotron radiation in a broadband frequency range 
from 70 to 1000 GHz.  Before these measurements, a complete system including a front-
end radiation collector, a transmission line, an interferometer and a radiation detector 
should be absolutely calibrated. A hot/cold calibration source and data-averaging 
technique are used to calibrate the total ECE diagnostic system. It takes long time to 
calibrate the ECE system because of the low power level of the calibration source and 
high values of the noise equivalent power (NEP) of the detection system. A new 
technique, Hilbert-transform spectral analysis, is proposed for the ITER plasma ECE 
spectral measurements.  An operation principle, characteristics and advantages of the 
corresponding Hilbert-transform spectrum analyser (HTSA) based on a high-Tc Josephson 
detector are discussed. Due to lower NEP-values of the Josephson detector, this spectrum 
analyser might demonstrate shorter calibration times than that for the Martin-Puplett 
interferometer.  

1�Introduction��

The measurement of the cyclotron radiation 
provides the plasma electron temperature 
profile and also used to study various 
phenomena in plasma physics like temperature 
fluctuations, non-thermal electrons population 
and power losses due to ECE. The ECE 
measurement diagnostic has been established 
as adequate diagnostic technique for fusion 
research machines. Therefore, measurement of 
this diagnostic is proposed for the ITER 
plasma.  
 
There are many techniques for the 
measurement of the cyclotron radiation. 

Among them, superheterodyne radiometers 
and Martin-Puplett interferometers are very 
popular and used for ECE measurements in a 
majority of fusion research machines [1]. The 
radiometers have a limited frequency 
bandwidth, determined by an intermediate 
frequency (IF) band width and a frequency of 
local oscillators, e.g. from 100 to 200 GHz. A 
combination of an optical-mechanical Fourier-
transform spectrometer, based on a polarizing-
type Martin-Puplett interferometer, with a 
broadband cryogenic detector is used for 
broadband ECE measurements.  Here, the 
usual cryogenic detector is an InSb hot-
electron bolometer, which operates in an 
optical cryostat at the temperature of 4.2 K. 
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was observed at room temperature from ZnO QDs of all sizes which shifted towards 
blue with decreasing mean size of ZnO QDs due to putative quantum confinement of 
excitons. Theoretically calculated values of ground state energy of excitons confmed in 
ZnO quantum dots embedded in alumina matrix using variational calculation matched 
reasonably well with the observed PL peak positions indicating that the observed UV 
emission is intrinsically size dependent and arise due to quantum confmerrent of excitons. 
The observed efficient room temperature UV PL and size dependent tuning of emission 
wavelength indicates that this material system may be an ideal candidate for use in 
tunable UV emitters and laser diodes. 

CP-6.54 Doc:7379 

Studies on highly conducting Ga doped ZoO thin films grown by 
pulsed laser deposition for plasmoDic applications 

R.S. Ajimsha1*, Amit. K. Das1, P. Misra', K. Rajivl, M.P. Joshi', B. Singh1, L.M. 
Kukreja1, 1Laser Material Processing Division and 2Mechanical & Optical Support 
Section, Raja Ramanna Centre for Advanced Technology, Indore 452013 
*Email: ajimsha@rrcat.gov.in 

We have grown Ga doped ZnO (GZO) thin films with Ga concentrations in the range 
varying from 0.25 to 3 at.% on sapphire substrates using buffer assisted pulsed laser 
deposition. The carrier concentration of the GZO thin films initially increases to a value 
of- 2.9 x 1()21 cm-3 for- 0.75 at% Ga concentration and beyond this concentration, 
the carrier concentration decreases gradually. In the same way, plasma resonance 
frequency increases with increase of Ga concentration up to 0.75 at% and beyond 
which it decreases. All the as-grown GZO thin films are highly transparent with 
transmission percentage above 80 % in the visible spectral range. Transmission 
percentage (at 1500 nm) reduces significantly to- 13% with increase of Ga concentration 
up to 0.75 at%. Beyond 0.75 at% of Ga concentration, transmission percentage (at 
1500 nm) increases. This suggests that transmission percentage (at 1500 run) decreases 
with increase of plasma resonance frequency. This surprising reduction in transmission 
percentage at and above 1500 run is due to increased reflectance as induced by increased 
plasma resonance frequency or'free electron gas. This makes GZO thin films a promising 
candidate in NIR plasrnonics applications, smart windows etc. It can also be seen that 
band gap of GZO thin films increases to a maximum value of- 3.7 eV at a Ga 
concentration of- 0.75 at% and then decreases upto 3.6 eV at- 3 at% of Ga doping. 
It is interesting to note that the functional forms of the dependence of band gap of GZO 
thin films on Ga concentration and variation of carrier concentration of GZO thin films 
with Ga concentration are nearly similar. This clearly suggests that the observed variation 
of band gap can be explained considering the combined effect of Burstein Moss (BM) 
band gap shift and band gap narrowing. 
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SL-04 

Dispersed Fe20 3Catalysts for Sulfuric Acid Decomposition- The Solar 
Energy Utilization step in Hybrid Sulfur Cycles for Solar Thermochemical 
Hydrogen Generation 

A.M. Banerjee 
Chemistry Division, Bhabha Atomic Research Centre, Mumbai-400085 
E-mail: atinmb@barc.gov.in 

The development of catalytically active and simultaneously thermally stable nanoscale oxide 
catalysts for high temperature sulfuric acid decomposition reaction remains a challenging task. 
Sulfuric acid decomposition is the highest temperature step in the sulfur based solar thermal 
hydrogen generation processes viz. hybrid-sulfur and iodine-sulfur thermochemical cycles.[l-2] 
We earlier investigated the catalytic activities of various iron oxide based materials like iron oxide, 
doped iron oxides, spinel ferrites and perovskite ferrites [3-5) The catalytic activities were also 
compared with conventional platinum based catalyst.[6] Recently, in an alternative approach to 
develop catalytically active and thermally stable nanosizedmaterials for the above application, 
Fep

3 
nanoparticles immobilized on a suitable high surface area support (Si0

2
) was exploited. 

Further to evaluate any effect of support, Fe20 3 was dispersed over various other supports viz. 
Ti02, Zr02 and Ce02 and their efficacy for the above reaction was studied. The catalytic activities 
were correlated with their structural, morphological, redox and thermal properties by proper 
characterization of the fresh and the spent catalysts. The dispersion and nanoparticulilte nature of 
the Fep3 was found to be crucial in obtaining encouraging catalytic activity while pore confinement 
and active phase-support interaction played a key role in stabilizing the catalyst composition.In 
the presentation a comparative evaluation of the dispersed Fe20 3catalysts would be presented and 
their advantages and drawbacks would be discussed. These findings would be inspiring the rational 
design of anti-sintering dispersed Fep3 nanoparticles for high temperature catalytic applications. 
Finally, results from the demonstration of solar thermochemical sulfuric acid decomposition in 
a cavity type reactor using heat from the concentrated solar irradiation from a solar dish would 
also be presented. 

Acknowledgements: I sincerely acknowledge all my co-workers of the above work, A.Nadar, M. 
R. Pai, A. K. Tripathi and S.R. Bharadwaj for their valuable contribution. I also acknowledge Dr. 
B. N. Jagatap, Director Chemistry Group for his constant support and encouragement. 
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